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1
MESOTHELIN AND CD137 BINDING
MOLECULES

RELATED APPLICATION

This application is a national stage filing under 35 U.S.C.
371 of International Patent Application Serial No. PCT/
EP2019/068817, filed Jul. 12, 2019, the entire contents of
which is incorporated herein by reference in its entirety.

REFERENCE TO AN ELECTRONIC SEQUENCE

LISTING
The contents of the electronic sequence listing
(FO83170005US00-SUBSEQ-ZJG.xml;  Size: 308,520

bytes; and Date of Creation: Nov. 20, 2024) is herein
incorporated by reference in its entirety.

FIELD OF THE INVENTION

The present invention relates to antibody molecules that
bind both mesothelin (MSLN) and CD137. The antibody
molecules comprise a CDR-based binding site for MSLN,
and a CDI137 antigen-binding site located in a constant
domain of the antibody molecule. The antibody molecules
find application in the treatment of cancer, for example.

BACKGROUND TO THE INVENTION

Cell signalling is an essential part of the life of all
organisms and normally involves cell surface receptors that
interact with soluble or surface expressed ligands. This
interaction results in changes to the receptor, the ligand or
both. For example, ligand binding can induce conforma-
tional changes in the receptors causing them to cluster
together into dimers or oligomers. This clustering effect then
results in activation of intracellular signalling pathways.

There are numerous receptors that are activated in this
way, including members of the tumour necrosis factor
receptor superfamily (TNFRSF), such as CD137.

CD137 (4-1 BB; TNFRSF9) is a co-stimulatory molecule
of the tumour necrosis factor receptor superfamily (TN-
FRSF). CD137 is widely known to be upregulated on CD8*
T cells following activation, and can also be expressed on
activated CD4™ helper T cells, B cells, regulatory T cells,
natural killer (NK) cells, natural killer T (NKT) cells and
dendritic cells (DCs) (Bartkowiak & Curran, 2015). The
primary functional role of CD137 in enhancing T cell
cytotoxicity was first described in 1997 (Shuford et al.,
1997), and soon thereafter anti-CD137 mAbs were proposed
as anti-cancer therapeutics.

CD137 is a transmembrane protein with four extracellular
cysteine-rich domains, referred to as CRD1-4, and a cyto-
plasmic region responsible for CD137 signalling. The ligand
for CD137 is CD137L. Although no crystal structure exists
for the CD137/CD137L complex, it is predicted that CD137
forms a trimer/trimer complex with CD137L (Won et al.,
2010).

Engagement of CD137L results in receptor trimer forma-
tion and subsequent clustering of multiple receptor trimers,
and leads to the activation of the CD137 signalling cascade.
This signalling cascade provides a survival signal to T cells
against activation-induced cell death (Hurtado et al., 1997)
thereby playing a critical role in sustaining effective T cell
immune responses and generating immunological memory
(Bartkowiak & Curran, 2015).
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The role of CD137 in leukocyte biology is generally well
understood with a clear biological rationale behind its role in
tumour immunology. CD137 is expressed by activated T
cells and has been used as a marker to identify antigen-
specific CD4* and CD8* T cells. Typically, expression of
CD137 is higher on CD8" T cells than CD4" T cells (Wen
et al., 2002). In the case of CD8" T cells, proliferation,
survival and cytotoxic effector function via the production of
interferon gamma and interleukin 2 have been attributed to
CD137 crosslinking. CD137 crosslinking also contributes to
the differentiation and maintenance of memory CD8* T
cells. In some subsets of CD4* T cells, CD137 crosslinking
similarly leads to proliferation and activation and results in
the release of cytokines such as interleukin 2 (Makkouk et
al., 2016).

Natural killer (NK)-mediated antibody-dependent cellular
cytotoxicity (ADCC) via tumour-targeting mAbs has been
demonstrated to be enhanced as a consequence of CD137
stimulation via agonistic anti-CD137 monoclonal antibodies
in vitro and in vivo (Bartkowiak & Curran, 2015). NK cells
bind antibodies via their Fc receptor and, depending on the
antibody isotype, this can lead to NK cell activation, elic-
iting cytotoxic granule release and the lysis of target cells
(Kohrt et al., 2012). Kohrt and colleagues demonstrated that
an anti-CD137 agonistic antibody enhanced the antitumor
activity of therapeutic antibodies rituximab, trastuzumab,
and cetuximab by enhancing ADCC when dosed in combi-
nation therewith (Kohrt et al., 2014; Kohrt et al., 2011). In
addition, human NK cells upregulate expression of CD137
after encountering cell-bound antibodies via their FcyR.
Subsequent stimulation of these NK cells with an anti-
CD137 antibody has been shown to enhance their ADCC
against tumour cells (Chester et al., 2015; Chester et al.,
2016).

B lymphocytes also express CD137 upon activation.
Binding of CD137 ligand to CD137 enhances B cell prolitf-
eration, survival and cytokine production. CD137 expres-
sion is also induced on normal and malignant human B cells
following binding of CDA40 to its ligand CD154 (CD40
ligand), resulting in enhanced B cell survival if CD137 is
subsequently activated.

CD137 has also been demonstrated to be expressed on
tumour-reactive subsets of tumour-infiltrating lymphocytes
(TILs). CD137 monotherapy has been shown to be effica-
cious in several preclinical immunogenic tumour models
such as MC38, CT26 and B cell lymphomas. Combination
of CD137 engagement with other anti-cancer agents such as
chemotherapy, cytokines and other checkpoint regulators
has been demonstrated to result in enhanced growth reduc-
tion of established tumours. Specifically, combination of
anti-CD137 antibodies with anti-CD20, anti-EGFR, and
anti-HER-2 antibodies has been shown to result in a syner-
gistic effect on tumour growth reduction in various preclini-
cal xenograft models (Kohrt et al., 2014; Kohrt et al., 2012;
Kohrt et al., 2011).

Coupling a tumour-targeted monoclonal antibody therapy
with treatment with an anti-CD137 agonist antibody has
shown promising results in preclinical models for lymphoma
(Kohrt et al., 2011), head and neck cancer, colorectal cancer
(Kohrt et al., 2014) and breast cancer (Kohrt et al., 2012).
However, clinical development has been slowed due to
dose-limiting high-grade liver inflammation associated with
CD137 agonist antibody treatment. Urelumab (BMS-
663513), a non-ligand blocking human IgG4 isotype anti-
body (Chester et al., 2018), was the first anti-CD137 anti-
body to enter clinical trials but these were halted after
significant, on target, dose-dependent liver toxicity was
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observed (Chester et al., 2018). More recently, clinical trials
of urelumab in the treatment of solid cancers was recom-
menced in which urelumab treatment was combined with
radiotherapy (NCT03431948) or with other therapeutic anti-
bodies, such as rituximab (NCTO01775631), cetuximab
(NCT02110082), anti-PD-1 antibody  nivolumab
(NCT02253992, NCT02534506, NCT02845323), and a
combination of nivolumab and the anti-LAG-3 antibody
BMS986016 (NCT02658981). However, to reduce liver
toxicity associated with urelumab treatment, dosing of ure-
lumab in these trials had to be limited and efficacy results
were disappointing (Chester et al., 2018).

No dose-limiting toxicity (DLT) has been observed with
Pfizer’s anti-CD137 antibody utomilumab (PF-05082566), a
human IgG?2 isotype antibody, in the dose range 0.03 mg/kg
up to 10 mg/kg in Phase I clinical trials of advanced cancer
(Chester et al. 2016; Segal et al., 2018). However, the overall
objective response rate with this antibody was only 3.8% in
patients with solid tumours, potentially indicating that
utomilumab has a weaker potency and clinical efficacy than
urelumab, whilst having a more favourable safety profile
(Chester et al., 2018; Segal et al., 2018). Utomilumab has
been tested in combination with radiotherapy
(NCTO03217747) or chemotherapy, as well as in combination
with other antibody therapies, including anti-PD-L.1 anti-
body avelumab (NCT02554812), and anti-PD-1 antibody
pembrolizumab (NCT02179918), to assess the safety, toler-
ability, dose-limiting toxicities (DLTs), maximum tolerated
dose (MTD) and efficacy of the different treatment combi-
nations. These trials are ongoing with early results showing
no DLTs for doses up to 5 mg/kg and a 26% patient response
rate for the combination of utomilumab and pembrolizumab.
Triple combinations of utomilumab with avelumab and
other immunooncology therapies are also being tested
(NCT02554812, NCT03217747).

MSLN is expressed at relatively low levels on mesothelial
cells lining the pleura, peritoneum, and pericardium (Hassan
et al., 2005) of healthy individuals, but is highly expressed
in several different cancers, including mesotheliomas, squa-
mous cell carcinomas, pancreatic cancer, lung, gastric,
breast, endometrial and ovarian cancer. The normal biologi-
cal function of mesothelin is not known. In the context of
cancer, high expression levels of MSLN have been corre-
lated with poor prognosis in ovarian cancer, cholangiocar-
cinoma, lung adenocarcinoma and triple-negative breast
cancer. The limited expression of MSLN on normal cells
versus the high expression on tumour cells makes it an
attractive therapeutic target using monoclonal antibodies
(Hassan et al., 2016).

MSLN is expressed as a 69-kDa precursor protein (628
amino acids). The precursor protein is then cleaved by the
endoprotease furin to release the secreted N-terminal region
called megakaryocyte-potentiating factor (MPF), whereas
the 40-kDa protein mature MSLN remains attached to the
cell membrane via a glycosylphosphatidylinositol (GPI)
linker. Human MSLN shares 60% and 87% amino acid
identity with the murine and cynomolgus orthologs of
MSLN, respectively.

Membrane bound, mature MSLN is shed from cells as a
result of alternative splicing, by creating variants lacking the
membrane-anchor sequence, or protease cleavage by tumour
necrosis factor a-converting enzyme (TACE) (Sapede et al.,
2008; Zhang et al., 2011). Soluble shed MSLN is found in
patient’s sera and in stroma of tumours including malignant
mesothelioma, ovarian cancers or highly metastatic cancers.
Measuring soluble MSLN levels in the blood and effusions
of mesothelioma patients has been approved by the US FDA
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for monitoring patient response to treatment and progression
(Hollevoet et al., 2012, Creany et al., 2015).

Several antibody-based therapies targeting MSLN have
been developed and tested in clinical trials, predominantly in
mesothelioma, pancreatic and non-small cell lung cancer
(Hassan et al., 2016). The strategies employed include direct
tumour cell killing through the use of anti-MSLN antibod-
ies, such as amatuximab, with antibody-dependent cell-
mediated cytotoxicity (ADCC) activity, as well as the use of
antibody drug conjugates (ADCs), such as SS1P-PE38 and
anetumab-ravtansine, comprising an antibody or antibody
fragment conjugated to a toxin.

Unconjugated antibodies targeting MSLN have shown
favourable safety profiles but their therapeutic efficacy has
been limited, whereas ADCs have shown more potent in
anti-tumour activity but were associated with dose limiting
toxicities. Several bispecific molecules intended to engage
the immune system are also in development, including
ABBV-428, which targets MSLN as well as the costimula-
tory protein CD40, the MSLN-CD?3 bispecific T cell engager
(BITE), and a MSLN-CD47 bispecific molecule.

STATEMENTS OF INVENTION

As explained in the background section above, clinical
development of CD137 agonist molecules has been held
back due to treatment being either associated with dose-
limiting high-grade liver inflammation (urelumab) or low
clinical efficacy (utomilumab).

The present inventors recognised that there is a need in the
art for CD137 agonist molecules which exhibit high activity
but are not associated with dose-limiting liver inflammation.
Such molecules could be administered to individuals at
doses which optimize the potency and therefore efficacy of
the molecule, and could be employed in the treatment of
cancer as immunotherapeutic agents, for example.

Without wishing to be bound by theory, it is thought that
T cells present in the liver may have the potential to be
activated by anti-CD137 agonist molecules, leading to liver
inflammation. CD8* T cells have been shown to promote
liver inflammation and apoptosis after sepsis/viral infection
(Wesche-Soldato et al., 2007). However, this effect was not
CD137 specific. Anti-CD137 agonist antibody therapy in
mice has been shown to result in CD137-dependent T cell
infiltration into the liver (Dubrot J et al., 2010). The results
from these studies, when taken together, indicate that anti-
CD137 agonist antibodies with high activity, such as ure-
lumab, may cause infiltration of activated CD8" T cells into
the liver, thereby leading to liver inflammation.

Initial ligation of CD137 ligand to CD137 is thought to
initiate a chain of events that leads to receptor trimerisation,
followed by receptor clustering, activation and subsequent
initiation of potent anti-tumour immune cell activity. For a
therapeutic agent to efficiently achieve activation of CD137,
it is therefore expected that several receptor monomers need
to be bridged together in a way that mimics bridging by the
trimeric ligand.

The present inventors have isolated antibody molecules
which comprise a complementarity determining region
(CDR)-based antigen-binding site for MSLN and a CD137
antigen-binding site located in a constant domain of the
antibody molecule. The inventors have shown that such
antibody molecules are capable of inducing clustering and
signalling of CD137 when bound to both CD137 and MSLN
in vitro.

Without wishing to be bound by theory, it is thought that
the antibody molecules bind to MSLN via their CDR-based
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antigen-binding sites, resulting in crosslinking of several
antibody molecules on a tumour cell surface, followed by
binding of the CD137 antigen-binding site of the antibody
molecules to CD137 on the surface of an immune cell, such
as a tumour infiltrating lymphocyte (TIL), leading to clus-
tering and activation of CD137, and thereby immune acti-
vation. The activated immune cells can then act on the
tumour, resulting in tumour immunotherapy.

It is thought that the concentration of MSLN present at the
tumour cell surface affects the level of CD137 agonism.
Specifically, it is thought that a higher concentration of
MSLN results in increased binding and crosslinking of the
antibody molecules across the cell surfaces and conse-
quently increased CD137 agonism.

The CD137 agonist activity of the antibody molecule of
the invention is dependent on the simultaneous binding of
the antibody molecule to MSLN. Activation of CD137 by
the antibody molecules is therefore expected to be limited to
the tumour microenvironment. The antibody molecules of
the invention are therefore also referred to as “conditional
agonists” herein. In this context, it should be noted that the
conditional agonist activity of the antibody molecules is not
an intrinsic feature of antibodies which comprise a CD137
antigen-binding site in their constant domain. Rather, many
of the molecules isolated during the screening program
conducted by the present inventors bound to CD137 but did
not require crosslinking for CD137 clustering and activation
or induced limited CD137 clustering and activation in the
absence of crosslinking. Due to the conditional agonist
activity of the antibody molecules of the invention, localised
in the tumour microenvironment, these molecules are not
expected to cause liver inflammation.

Conventional antibodies specific for TNF receptors such
as CD137 typically have no or only very moderate intrinsic
agonistic activity and require secondary crosslinking of
antibody-TNFRSF member complexes using external cross-
linking agents, such as protein A or G or secondary anti-
bodies, or binding of the antibody to plasma membrane
localised Fcy receptors, in order to induce higher levels of
TNF receptor member clustering and activation (Wajant,
2015). The low levels or lack of agonist activity of TNF
receptor-specific antibodies in the absence of crosslinking
can be explained by the fact that a normal bivalent antibody
can maximally crosslink two monomeric TNF receptors
which is insufficient for TNF receptor activation. Therefore,
for in vivo efficacy, a monospecific antibody targeting
CD137 requires the presence of Fcy receptor-expressing
cells in close proximity to CD137-expressing T cells to
achieve crosslinking of the CD137-specific antibodies and
subsequent clustering and activation of the CD137 receptor.
Fey receptor-mediated crosslinking, however, is thought to
be inefficient. In addition, cells expressing Fcy receptors are
present throughout the body and thus antibody crosslinking
and activation of immune cells expressing CD137 is not
restricted to a particular site such as the tumour microenvi-
ronment, for example. Furthermore, the isotype of such
CD137 antibodies needs to be selected to mediate effective
binding to Fey receptors for crosslinking. However, this can
result in the antibodies eliciting effector functions mediated
by Fcy receptors, such as ADCC, thereby eliminating the
immune cells intended to be activated by the antibody.

In contrast, the antibody molecules of the invention are
capable of activating CD137 conditionally in the presence of
MSLN without the need for e.g. Fey receptor crosslinking as
required by conventional antibody molecules. Furthermore,
crosslinking of the antibody molecules of the invention
through binding to MSLN is expected to be more efficient
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than Fcy receptor-mediated crosslinking. Mutations for
abrogating Fcy receptor binding are known in the art and are
preferably included in the antibody molecules of the inven-
tion. Thus, in the absence of MSLN, the antibody molecules
of the invention do not exhibit CD137 agonist activity and
thus are not expected to induce liver inflammation.

The present inventors have further shown that antibody
molecules comprising MSLN and CD137 antigen-binding
sites as detailed above which had been modified to reduce or
abrogate binding to one or more Fcy receptors were capable
of suppressing tumour growth in mouse tumour models in
vivo. As these antibody molecules have abrogated or
reduced ADCC activity, it is expected that the antibody
molecules suppressed tumour growth by activating T cells
expressing CD137.

The antibody molecules have been shown to bind to
dimeric CD137 with a higher affinity than to monomeric
CD137.

 Affinity” as referred to herein may refer to the strength of
the binding interaction between an antibody molecule and its
cognate antigen as measured by K,,. As would be readily
apparent to the skilled person, where the antibody molecule
is capable of forming multiple binding interactions with an
antigen (e.g. where the antibody molecule is capable of
binding the antigen bivalently and, optionally, the antigen is
dimeric) the affinity, as measured by K,, may also be
influenced by avidity, whereby avidity refers to the overall
strength of an antibody-antigen complex.

Expression of CD137 by T cells is upregulated on acti-
vation. Without wishing to be bound by theory, it is thought
that due to the high expression of CD137 on activated T
cells, CD137 will be in the form of dimers, trimers and
higher-order multimers on the surface of such cells. In
contrast, naive immune cells, such as naive T cells, express
low or negligible levels of CD137 on their cell surface and
any CD137 present is therefore likely to be in monomeric
form. It is therefore expected that antibody molecules which
bind to CD137 with high affinity, but do not bind to
monomeric CD137 with high affinity, will preferentially
bind to activated immune cells, such as activated T cells, as
opposed to naive immune cells present in the liver, for
example.

In addition, the antibody molecules of the invention have
been shown to bind with higher affinity to immobilised
MSLN than to MSLN in solution. Specifically, it is thought
that the antibody molecules of the invention bind to MSLN
with high avidity and thus bind MSLN more strongly where
the antibody is able to bind to two MSLN molecules, as is
the case where multiple copies of the antigen are immobi-
lised at a surface, than where the MSLN is in monomeric
form, as is expected to be the case with MSLN in solution.
Without wishing to be bound by theory, it is therefore
thought that the antibody molecules of the invention will not
remain bound to shed MSLN in solution in vivo due to the
low affinity of the antibodies for monomeric MSLN, and
thus will not be cleared from the tumour site as quickly, and
hence will have longer to exert their therapeutic effect by
binding MSLN on the surface of tumour cells.

The antibody molecules of the invention bind different
epitopes/regions on MSLN. This evident from the fact that
some of the antibody molecules are capable of blocking
binding of the ligand MUC16 to MSLN while others are not.

Some of the antibody molecules of the invention have
been shown to have a similar or higher affinity for MSLN
than for CD137. This is thought to be beneficial for local-
ising the antibody molecule to tumours expressing MSLN.
Binding of the antibody molecule to MSLN is expected to



US 12,319,739 B2

7

result in antibody crosslinking, binding to CD137 expressed
at the surface of an immune cell, followed by CD137
clustering and activation, ultimately resulting in activation
of the immune cell.

The antibody molecules of the invention have also been
shown to be capable of binding with high affinity both to
human and cynomolgus MSLN and to human and cynomol-
gus CD137. This cross-reactivity is advantageous, as it
allows dosing and safety testing of the antibody molecules
to be performed in cynomolgus monkeys during preclinical
development.

In vivo studies in mouse syngeneic tumour models have
shown that antibody molecules containing a Fab binding site
for human MSLN and a mouse CD137 binding site in the
CH3 domain have greater anti-tumour efficacy compared to
isotype control antibodies or the component parts of the
bispecific antibody molecules delivered as monotherapy or
combination therapies (see Example 13). The antibody mol-
ecules showed advantageous features by demonstrating a
significant reduction in tumour growth and survival benefit
and were able to stimulate an anti-tumour response in
tumours expressing different levels of MSLN. A dose depen-
dent anti-tumour response was also observed following
treatment with these molecules. Overall, the antibodies
showed advantageous features in vivo compared to control
molecules in reducing tumour growth and increasing sur-
vival of the animals.

Further, no liver hepatotoxicity was observed was
observed following treatment with the antibody molecules.
This is advantageous as treatment with other anti-CD137
agonistic antibodies has been shown in the literature to result
in liver toxicity. Mechanistic studies showed that the anti-
body molecules stimulated activation of T cells in the
tumour microenvironment, while a control CD137 agonist
stimulated greater T cell activation outside of the tumour
microenvironment, further supporting this advantageous
feature.

A further advantageous feature of the antibody molecules
identified by the inventors is that the antigen-binding sites
for MSLN and CD137 are both contained within the anti-
body structure itself. In particular, the antibody molecules do
not require other proteins to be fused to the antibody
molecule via linkers or other means to result in molecule
which can bind bivalently to both of its targets. This has a
number of advantages. Specifically, the antibody molecules
identified by the inventors can be produced using methods
similar to those employed for the production of standard
antibodies, as they do not comprise any additional fused
portions. The structure is also expected to result in improved
antibody stability, as linkers may degrade over time, result-
ing in a heterogeneous population of antibody molecules.
Those antibodies in the population having only one protein
fused may not be able to preferentially bind to cell-bound
MSLN or cluster and signal via CD137 as a result of
crosslinking by binding to both CD137 and MSLN. Cleav-
age/degradation of the linker could take place prior to
administration or after administration of the therapeutic to
the individual (e.g. through enzymatic cleavage or the in
vivo pH of the individual), thereby resulting in a reduction
of its effectiveness whilst circulating in the individual. As
there are no linkers in the antibody molecules identified by
the inventors, the antibody molecules are expected to retain
the same number of binding sites both before and after
administration. Furthermore, the structure of the antibody
molecules identified by the inventors is also preferred from
the perspective of immunogenicity of the molecules, as the
introduction of fused proteins or linkers or both may induce
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immunogenicity when the molecules are administered to an
individual, resulting in reduced effectiveness of the thera-
peutic.
Thus, the present invention provides:
[1] An antibody molecule that binds to mesothelin
(MSLN) and CD137, comprising
(a) a complementarity determining region (CDR)-based
antigen-binding site for MSLN; and
(b) a CD137 antigen-binding site located in a CH3
domain of the antibody molecule;
wherein the CDR-based antigen-binding site comprises
CDRs 1-6 set forth in:
(1) SEQ ID NOs 42, 33, 44, 20, 22, and 80, respectively
[FS28-256-271];,
(i1) SEQ ID NOs 14, 16, 27, 20, 22 and 24, respectively
[FS28-024-052];
(iii)) SEQ ID NOs 42, 33, 44, 20, 22, and 40, respec-
tively [FS28-256-021];
(iv) SEQ ID NOs 42, 33, 44, 20, 22, and 37, respec-
tively [FS28-256-012];
(v) SEQ ID NOs 50, 33, 52, 20, 22 and 40, respectively
[FS28-256-023];
(vi) SEQ ID NOs 42, 33, 44, 20, 22 and 41, respectively
[FS28-256-024];
(vil) SEQ ID NOs 50, 33, 52, 20, 22 and 41, respec-
tively [FS28-256-026];
(viii) SEQ ID NOs 42, 33, 44, 20, 22, and 80, respec-
tively [FS28-256-027];
(ix) SEQ ID NOs 38, 33, 35, 20, 22, and 40, respec-
tively [FS28-256-001];
(x) SEQ ID NOs 38, 33, 35, 20, 22, and 41 respectively
[FS28-256-005];
(xi) SEQ ID NOs 46, 33, 48, 20, 22 and 37, respectively
[FS28-256-014];
(xii) SEQ ID NOs 50, 33, 52, 20, 22 and 37, respec-
tively [FS28-256-018];
(xiii) SEQ ID NOs 31, 33, 35, 20, 22 and 37, respec-
tively [FS28-256];
(xiv) SEQ ID NOs 14, 16, 25, 20, 22 and 24, respec-
tively [FS28-024-051];
(xv) SEQ ID NOs 14, 16, 29, 20, 22 and 24, respec-
tively [FS28-024-053]; or
(xvi) SEQ ID NOs 14, 16, 18, 20, 22 and 24, respec-
tively [FS28-024];
wherein the CDR sequences are defined according to
the ImMunoGeneTics (IMGT) numbering scheme;
and
wherein the CD137 antigen-binding site comprises a
first sequence and a second sequence located in the
AB and EF structural loops of the CH3 domain,
respectively, wherein the first and second sequence
have the sequence set forth in SEQ ID NOs 10 and
11 [FS22-172-003], respectively.
[2] An antibody molecule that binds to mesothelin
(MSLN) and CD137, comprising
(a) a complementarity determining region (CDR)-
based antigen-binding site for MSLN; and
(b) a CD137 antigen-binding site located in a CH3
domain of the antibody molecule;
wherein the CDR-based antigen-binding site comprises
CDRs 1-6 set forth in:
(1) SEQ ID NOs 43, 5, 45, 21, 23, and 80, respectively
[FS28-256-271];,
(1) SEQID NOs 15, 17, 28, 21, 23 and 24, respectively
[FS28-024-052];
(1i1)) SEQ ID NOs 43, 34, 45, 21, 23 and 40, respectively
[FS28-256-021];
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(iv) SEQ ID NOs 43, 34, 45, 21, 23 and 37, respectively
[FS28-256-012];

(v) SEQID NOs 51, 34, 53, 21, 23 and 40, respectively
[FS28-256-023];

(vi) SEQ ID NOs 43, 34,45, 21, 23 and 41, respectively
[FS28-256-024];

(vil) SEQ ID NOs 51, 34, 53, 21, 23 and 41, respec-
tively [FS28-256-026];

(viii) SEQ ID NOs 43, 34, 45, 21, 23 and 80, respec-
tively [FS28-256-027];

(ix) SEQ ID NOs 39, 34, 36, 21, 23 and 40, respectively
[FS28-256-001];

(x) SEQ ID NOs 39, 34, 36, 21, 23 and 41, respectively
[FS28-256-005];

(xi) SEQ ID NOs 47, 34, 49, 21, 23 and 37, respectively
[FS28-256-014];

(xii) SEQ ID NOs 51, 34, 53, 21, 23 and 37, respec-
tively [FS28-256-018];

(xiii) SEQ ID NOs 32, 34, 36, 21, 23 and 37, respec-
tively [FS28-256];

(xiv) SEQ ID NOs 15, 17, 26, 21, 23 and 24, respec-
tively [FS28-024-051];

(xv) SEQ ID NOs 15, 17, 30, 21, 23 and 24, respec-
tively [FS28-024-053]; or

(xvi) SEQ ID NOs 15, 17, 19, 21, 23 and 24, respec-
tively [FS28-024];

wherein the CDR sequences are defined according to
Kabat; and

wherein the CD137 antigen-binding site comprises a
first sequence and a second sequence located in the
AB and EF structural loops of the CH3 domain,
respectively, wherein the first and second sequence
have the sequence set forth in SEQ ID NOs 10 and
11 [FS22-172-003], respectively.

[3] The antibody molecule according to [1] or [2],
wherein the antibody molecule comprises CDRs 1-6 set
out in (i) of [1] or [2].

[4] The antibody molecule according to [1] or [2],
wherein the antibody molecule comprises CDRs 1-6 set
out in (ii) of [1] or [2].

[5] The antibody molecule according to any one of [1] to
[4], wherein the antibody molecule comprises a heavy
chain variable (VH) domain and/or light chain variable
(VL) domain, preferably a VH domain and a VL
domain.

[6] The antibody molecule according to any one of [1] to
[5], wherein the antibody molecule comprises an
immunoglobulin heavy chain and/or an immunoglobu-
lin light chain, preferably an immunoglobulin heavy
chain and an immunoglobulin light chain.

[7] The antibody molecule according to any one of [5] to
[6], wherein the antibody molecule comprises the VH
domain and/or VL, domain, preferably the VH domain
and the VL domain set forth in:

(1) SEQ ID NOs 177 and 76, respectively [FS28-256-
2717,

(i1) SEQ ID NOs 58 and 54, respectively [FS28-024-
052];

(iii) SEQ ID NOs 70 and 68, respectively [FS28-256-
0217;

(iv) SEQ ID NOs 70 and 64, respectively [FS28-256-
012];

(v) SEQ ID NOs 74 and 68, respectively [FS28-256-
023];

(vi) SEQ ID NOs 70 and 78, respectively [FS28-256-
024];
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(vil) SEQ ID NOs 74 and 78, respectively [FS28-256-
026];

(viii) SEQ ID NOs 70 and 76, respectively [FS28-256-
027];

(ix) SEQ ID NOs 66 and 68, respectively [FS28-256-
001];

(x) SEQ ID NOs 66 and 78, respectively [FS28-256-
005];

(xi) SEQ ID NOs 72 and 64, respectively [FS28-256-
014];

(xii) SEQ ID NOs 74 and 64, respectively [FS28-256-
018];

(xiii) SEQ ID NOs 62 and 64, respectively [FS28-256];

(xiv) SEQ ID NOs 56 and 54, respectively [FS28-024-
051];

(xv) SEQ ID NOs 60 and 54, respectively [FS28-024-
053]; or

(xvi) SEQ ID NOs 12 and 54, respectively [FS28-024].

[8] The antibody molecule according to [7], wherein the
antibody molecule comprises the VH domain and VL.
domain set forth in SEQ ID NOs 177 and 76, respec-
tively [FS28-256-271].

[9] The antibody molecule according to [7], wherein the
antibody molecule comprises the VH domain and VL.
domain set forth in SEQ ID NOs 58 and 54, respec-
tively [FS28-024-052].

[10] The antibody molecule according to any one of [1] to
[9], wherein the first sequence is located between
positions 14 and 17 of the CH3 domain of the antibody
molecule, wherein the amino acid residue numbering is
according to the IMGT numbering scheme.

[11] The antibody molecule according to [10], wherein
the first sequence is located at positions 15, 16, 16.5,
16.4, 16.3, 16.2, and 16.1 of the CH3 domain of the
antibody molecule, wherein the amino acid residue
numbering is according to the IMGT numbering
scheme.

[12] The antibody molecule according to any one of [1] to
[11], wherein the second sequence is located at posi-
tions 92 to 98 of the CH3 domain of the antibody
molecule, wherein the amino acid residue numbering is
according to the IMGT numbering scheme.

[13] The antibody molecule according to any one of [1] to
[12], wherein the antibody molecule further comprises
athird sequence located in the CD structural loop of the
CH3 domain.

[14] The antibody molecule according to [13], wherein
the third sequence is located at positions 43 to 78 of the
CH3 domain of the antibody molecule, wherein the
amino acid residue numbering is according to the
IMGT numbering scheme.

[15] The antibody molecule according to any one of [13]
to [14], wherein the third sequence has the sequence set
forth in SEQ ID NO: 157. [16] The antibody molecule
according to any one of [1] to [15], wherein the
antibody molecule comprises the CH3 domain
sequence set forth in SEQ ID NO: 8 [FS22-172-003].
[17] An antibody molecule according to any one of [1]
to [16], wherein the antibody molecule is a human IgG1
molecule.

[18] The antibody molecule according to any one of [1] to
[17], wherein the antibody molecule comprises the
heavy chain and light chain of antibody:

(1) FS22-172-003-AA/FS28-256-271 set forth in SEQ ID
NOs 3 and 84, respectively;

(i1) FS22-172-003-AA/FS28-024-052 set forth in SEQ ID
NOs 102 and 85, respectively;
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(iii) FS22-172-003-AA/FS28-256-021 set forth in SEQ
ID NOs 125 and 82, respectively;

(iv) FS22-172-003-AA/FS28-256-012 set forth in SEQ
ID NOs 125 and 116, respectively;

(v) FS22-172-003-AA/FS28-256-023 set forth in SEQ ID
NOs 133 and 82, respectively;

(vi) FS22-172-003-AA/FS28-256-024 set forth in SEQ
ID NOs 125 and 83, respectively;

(vii) FS22-172-003-AA/FS28-256-026 set forth in SEQ
ID NOs 133 and 83, respectively;

(viii) FS22-172-003-AA/FS28-256-027 set forth in SEQ
ID NOs 125 and 84, respectively;

(ix) FS22-172-003-AA/FS28-256-001 set forth in SEQ
ID NOs 120 and 82, respectively;

(x) FS22-172-003-AA/FS28-256-005 set forth in SEQ ID
NOs 120 and 83, respectively;

(xi) FS22-172-003-AA/FS28-256-014 set forth in SEQ
ID NOs 129 and 116, respectively;

(xii) FS22-172-003-AA/FS28-256-018 set forth in SEQ
ID NOs 133 and 116, respectively;

(xiii) FS22-172-003-AA/FS28-256 set forth in SEQ ID
NOs 114 and 116, respectively;

(xiv) FS22-172-003-AA/FS28-024-051 set forth in SEQ
ID NOs 98 and 85, respectively;

(xv) FS22-172-003-AA/FS28-024-053 set forth in SEQ
ID NOs 106 and 85, respectively; or

(xvi) FS22-172-003-AA/FS28-024 set forth in SEQ ID
NOs 94 and 85, respectively.

[19] The antibody molecule according to [18], wherein
the antibody molecule comprises light chain and heavy
chain of FS22-172-003-AA/FS28-256-271 set forth in
SEQ ID NOs 84 and 3, respectively.

[20] The antibody molecule according to [18], wherein
the antibody molecule comprises light chain and heavy
chain of FS22-172-003-AA/FS28-024-052 set forth in
SEQ ID NOs 85 and 102, respectively.

[21] The antibody molecule according to any one of [18]
to [20], wherein the proline (P) at position 114 of the
CH2 domain of the antibody is substituted with alanine
(A), and wherein the amino acid residue numbering is
according to the IMGT numbering scheme.

[22] The antibody molecule according to any one of [1] to
[21], wherein the MSLN is cell-surface bound MSLN.

[23] The antibody molecule according to [22], wherein
the antibody molecule binds to immobilised MSLN
with a higher affinity than to soluble MSLN.

[24] The antibody molecule according to [23], wherein
(1) the antibody molecule binds to immobilised MSLN

with a kD of 8 nM or with a higher affinity; and/or
(ii) the antibody molecule binds to soluble MSLN with
a kD of 15 nM or with a lower affinity.

[25] The antibody molecule according to any one of [1] to
[24], wherein the antibody molecule binds human
MSLN and human CD137.

[26] The antibody molecule according to [25], wherein
the MSLN consists of or comprises the sequence set
forth in SEQ ID NO: 375.

[27] The antibody molecule according to [25] or [26],
wherein the human CD137 consists of or comprises the
sequence set forth in SEQ ID NO: 373.

[28] The antibody molecule according to any one of [1] to
[27], wherein the antibody molecule comprises CDRs
1-6 set forth in any one of (i) or (xiv) to (xvi) of [1] or
[2], and wherein the antibody blocks binding of
MUCI16 to MSLN.

[29] The antibody molecule according to any one of [1] to
[27], wherein the antibody molecule comprises CDRs
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1-6 set forth in any one of (i) or (iii) to (xiii) of [1] or
[2], and wherein the antibody does not block binding of
MUC16 to MSLN.

[30] The antibody molecule according to [28] or [29],
wherein the MUC16 is human MUCI6.

[31] The antibody molecule according to any one of [1] to
[30], wherein the antibody molecule is capable of
activating CD137 on an immune cell in the presence of
tumour cell-surface bound MSLN.

[32] The antibody molecule according to any one of [1] to
[31], wherein binding of the antibody molecule to
CD137 on an immune cell and to tumour cell-surface
bound MSLN, causes clustering of CD137 on the
immune cell.

[33] The antibody molecule according to [31] or [32],
wherein the immune cell is a T cell, B cell, natural killer
(NK) cell, natural killer T (NKT) cell, or dendritic cell
(DO).

[34] The antibody molecule according to [33], wherein
the immune cell is a T cell.

[35] The antibody molecule according to any one of [1] to
[34], wherein the antibody molecule has been modified
to reduce or abrogate binding of the CH2 domain of the
antibody molecule or antibody molecule to one or more
Fey receptors.

[36] The antibody molecule according to any one of [1] to
[35], wherein the antibody molecule does not bind to
Fey receptors.

[37] The antibody molecule according to [35] or [36],
wherein the Fey receptor is selected from the group
consisting of: FeyRI, FeyRlIla, FeyRIIb and FeyRIII.

[38] A conjugate comprising the antibody molecule
according to any one of [1] to [37] and a bioactive
molecule.

[39] A conjugate comprising the antibody molecule
according to any one of [1] to [37] and a detectable
label.

[40] A nucleic acid molecule or molecules encoding the
antibody molecule according to any one of [1] to [37].

[41] A nucleic acid molecule or molecules encoding the
antibody molecule according to any one of [1] to [37],
wherein the nucleic acid molecule(s) comprise(s) the
heavy chain nucleic acid sequence and/or light chain
nucleic acid sequence of:

(1) FS22-172-003-AA/FS28-256-271 set forth in SEQ ID
NOs 4 and 91, respectively;

(i1) FS22-172-003-AA/FS28-024-052 set forth in SEQ ID
NOs 103 and 86, respectively;

(ii1) FS22-172-003-AA/FS28-256-021 set forth in SEQ
ID NOs 126 and 122, respectively;

(iv) FS22-172-003-AA/FS28-256-012 set forth in SEQ
ID NOs 126 and 117, respectively;

(v) FS22-172-003-AA/FS28-256-023 set forth in SEQ ID
NOs 134 and 122, respectively;

(vi) FS22-172-003-AA/FS28-256-024 set forth in SEQ
ID NOs 126 and 90, respectively;

(vil) FS22-172-003-AA/FS28-256-026 set forth in SEQ
ID NOs 134 and 90, respectively;

(viil) FS22-172-003-AA/FS28-256-027 set forth in SEQ
ID NOs 126 and 91, respectively;

(ix) FS22-172-003-AA/FS28-256-001 set forth in SEQ
ID NOs 121 and 122, respectively;

(x) FS22-172-003-AA/FS28-256-005 set forth in SEQ ID
NOs 121 and 90, respectively;

(xi) FS22-172-003-AA/FS28-256-014 set forth in SEQ
ID NOs 130 and 117, respectively;
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(xii) FS22-172-003-AA/FS28-256-018 set forth in SEQ
ID NOs 134 and 117, respectively;

(xiii) FS22-172-003-AA/FS28-256 set forth in SEQ ID
NOs 115 and 117, respectively;

(xiv) FS22-172-003-AA/FS28-024-051 set forth in SEQ
ID NOs 99 and 86, respectively;

(xv) FS22-172-003-AA/FS28-024-053 set forth in SEQ
ID NOs 107 and 86, respectively; or

(xvi) FS22-172-003-AA/FS28-024 set forth in SEQ ID
NOs 95 and 86, respectively.

[42] A vector or vectors comprising the nucleic acid
molecule or molecules according to any one of [40] or
[41].

[43] A recombinant host cell comprising the nucleic acid
molecule(s) according to any one of [40] to [41], or the
vector(s) according to [42].

[44] A method of producing the antibody molecule
according to any one of [1] to [37] comprising culturing
the recombinant host cell of [43] under conditions for
production of the antibody molecule.

[45] The method according to [44] further comprising
isolating and/or purifying the antibody molecule.

[46] A pharmaceutical composition comprising the anti-
body molecule or conjugate according to any one of [1]
to [39] and a pharmaceutically acceptable excipient.

[47] The antibody molecule or conjugate according to any
one of [1] to [39] for use in a method of treating cancer
in an individual.

[48] A method of treating cancer in an individual com-
prising administering to the individual a therapeutically
effective amount of the antibody molecule or conjugate
according to any one of [1] to [39].

[49] The use of the antibody molecule or conjugate
according to any one of [1] to [39] in the preparation of
a medicament for the treatment of cancer.

[50] The antibody molecule or conjugate for use, the
method, or the use according to any one of [47] to [49],
wherein the cancer is ovarian cancer, pancreatic cancer,
lung cancer, or a mesothelioma.

[51] The antibody molecule or conjugate for use accord-
ing to [47], wherein the treatment comprises adminis-
tering the antibody molecule or conjugate to the indi-
vidual in combination with a second therapeutic.

[52] The method according to [48], wherein the method
further comprises administering a therapeutically effec-
tive amount of a second therapeutic to the individual.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows the results of a T cell activation assay where
mAb? comprising Fabs that bind different regions of human
MSLN drive CD137-mediated activation of CD8" T cells
when the mAb® are crosslinked by MSLN positive NCI-
H226 cells, leading to the release of human I[.-2. These
results show that mAb?® comprising Fabs from the FS28-185
lineage (B) do not have functional activity in this assay.
mAb? comprising Fabs from lineages FS28-024 (A) and
FS28-256 (C) all show an increase of hIL.-2 release in the
presence of subnamolar to 1.5 nM concentrations of mAb.

FIG. 2 shows the results of T cell activation assays in the
presence of different concentration of soluble MSLN
(SMSLN) (no sMSLN, 2 nM, and 20 nM sMSLN). mAb>
which showed preferential binding to membrane-bound
MSLN (mAb> comprising FS28-024-051, FS28-024-052,
FS28-024-053, FS28-256-021, and FS28-256-023) were
less affected by the presence of soluble MSLN (A-E) than
FS22-172-003-AA/FS28-256-027 (F) for which a signifi-
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cant shift in the EC,, was observed in the presence of 20 nM
sMSLN compared to when no sMSLN was present.

FIGS. 3 A and B shows the result of a T cell activation
assay where the mAb? drive CD137-mediated activation of
CD8* T cells when the mAb? are crosslinked by OVCAR-3
cells. These results show that the mAb> are able to drive
CD137-mediated agonism in the context of cells expressing
lower MSLN density on their cell membranes. The anti-
CD137 Fcab FS22-172-003 in mock mAb?* format (FS22-
172-003/HelD1.3) was also tested in this assay and the lack
of IL-2 release indicated that the anti-human CD137 Fcab is
only functional when crosslinked via the Fab arms of the
molecule.

FIG. 4 shows the results of a CD8" T cell activation assay
where the sequence optimised mAb? FS22-172-003-AA/
FS28-256-271 (A), FS22-172-003-AA/FS28-256-272 (B),
and FS22-172-003-AA/FS28-256-273 (C), were crosslinked
with NCI-H226 cells expressing human MSLN in absence
or presence of up to 20 nM of sMSLN. For mAb® FS22-
172-003-AA/FS28-256-271 sMSLN concentrations of up to
20 nM result in minimal reduction in T cell activation
activity in terms of the observed ECs,. The mAb? FS22-
172-003-AA/FS28-256-272 and FS22-172-003-AA/FS28-
256-273 showed a more pronounced reduction in T cell
activation activity in the presence of 20 nM sMSLN with a
higher than 4-fold reduction in the EC;, observed, as did the
parental clone FS22-172-003-AA/FS28-256-027 (D) which
showed a 6.6-fold reduction in the ECs,.

FIG. 5 shows IFNy release in a T cell activation assay
when the mAb®> FS22m-063-AA/FS28m-228-010 and
FS22m-063-AA/FS28m-228 were crosslinked  with
CT26.G10, CT26.B2 or Panc02 cells in the presence or
absence of 2 nM soluble mouse MSLN (A to D). The
experiment for mAb® FS22m-063-AA/FS28m-228 included
the following negative controls: an anti-MSLN control anti-
body in IgG1 format lacking any CD137-targeting Fcab, and
the mock mAb® FS22m-063/HelD1.3 (i.e. CD137 Fcab
without MSLN targeting). The results showed that at even
relatively high concentrations of soluble MSLN there was
negligible impact in the potency of the mAb? in this assay.
This data also showed subnanomolar potencies (EC,,)
across all of the MSLN-expressing cell lines tested.

FIG. 6 shows individual tumour volume measurements in
the CT26.B2 syngeneic mouse tumour model for mice
treated with G1/4420 (human IgG1 isotype control anti-
body) (A) or FS22m-063-AA/FS28m-228 (anti-mouse
CD137/MSLN mAb?) (B). Treatment with FS22m-063-AA/
FS28m-228 resulted in reduced tumour growth compared to
the isotype control.

FIG. 7 shows a Kaplan Meier survival plot of mice in the
CT26.B2 syngeneic mouse tumour model treated with
(1/4420 (human IgG1 isotype control antibody) or FS22m-
063-AA/FS28m-228 (anti-mouse CD137/MSLN mAb?).
Treatment with FS22m-063-AA/FS28m-228 showed a sig-
nificant improvement in survival compared to treatment with
the human IgG1 isotype control antibody. (Log-rank analy-
sis, **p<0.01)

FIG. 8 shows individual tumour volume measurements in
the CT26.G10 syngeneic mouse tumour model for mice
treated with G1/4420 (human IgG1 isotype control anti-
body) (A) or FS22m-063-AA/FS28m-228 (anti-mouse
CD137/MSLN mAb?) (B). Mice treated with FS22m-063-
AA/FS28m-228 showed reduced tumour growth compared
with the isotype control, with no palpable tumours being
present in %20 (25%) mice at the end of study, compared to
(Y20, 5%) in the isotype control treated group.
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FIG. 9 shows a Kaplan Meier survival plot of mice in the
CT26.G10 syngeneic mouse tumour model treated with
(G1/4420 (human IgG1 isotype control antibody) or FS22m-
063-AA/FS28m-228 (anti-mouse CD137/MSLN mAb?).
Treatment with FS22m-063-AA/FS28m-228 showed a sig-
nificant improvement in survival compared to treatment with
the human IgG1 isotype control antibody. (Log-rank analy-
sis, **p<0.01)

FIG. 10 shows individual tumour volume measurements
in the CT26.G10 syngeneic mouse tumour model for mice
treated with G1-AA/4420 (IgG control; 20 pg, equivalent to
1 mg/kg in a 20 g mouse), G1/Lob12.3 (wild-type human
IgG1 anti-CD137 positive control; 20 pg, equivalent to 1
mg/kg in a 20 g mouse), and FS22m-063-AA/FS28m-228-
010 (anti-mouse CD137/MSLN mAb?). Treatment with
FS22m-063-AA/FS28m-228-010 showed a dose-dependent
reduction in tumour growth compared to human IgG1 iso-
type control-treated mice.

FIG. 11 shows a Kaplan Meier survival plot of mice in the
CT26.G10 syngeneic mouse tumour model treated with
G1-AA/4420 (human IgG1 control; 20 pg, equivalent to 1
mg/kg in a 20 g mouse), G1/Lob12.3 (wild-type human
IgG1 anti-CD137 positive control; 20 pg, equivalent to 1
mg/kg in a 20 g mouse), and FS22m-063-AA/FS28m-228-
010 (anti-mouse CD137/MSLN mAb?). Treatment with
FS22m-063-AA/FS28m-228-010 at all dose levels tested
resulted in a significant improvement in survival compared
to the IgG control, and the improvement in survival was
dose-dependent. (Log-rank pairwise analysis comparing
treatment groups to G1-AA/4420 isotype control, p<0.05,
**p<0.01, ***p<0.001)

FIG. 12 shows individual tumour volume measurements
in the CT26.G10 syngeneic mouse tumour model for mice
treated with (A) G1-AA/HelD1.3 (human IgG1 control), (B)
FS22m-063-AA/HelD1.3  (anti-mouse CD137 Fcab in
‘mock” mAb® format), (C) FS22m-063-AA/4420 (anti-
mouse CD137 Fcab in mAb? format), (D) G1-AA/FS28m-
228-010 (anti-mouse MSLN antibody), (E) combination of
FS22m-063-AA/HelD1.3  plus G1-AA/FS28m-228-010
(anti-mouse CD137 Fcab in ‘mock’ mAb?® format plus anti-
mouse MSLN Fab), and (F) FS22m-063-AA/FS28m-228-
010 (anti-mouse CD137/MSLN mAb?). The results show
that whilst 720 (35%) of mice treated with FS22m-063-AA/
FS28m-228-010 had no palpable tumours at the end of the
study, with the exception of G1-AA/FS28m-228-010 (Y20,
5%), all mice dosed with the other treatments had tumours
262.5 mm?® at the end of study.

FIG. 13 shows a Kaplan Meier survival plot of mice in the
CT26.G10 syngeneic mouse tumour model treated with
G1-AA/HeID1.3 (IgG control), FS22m-063-AA/HelD1.3
(anti-mouse CD137 Fcab in ‘mock’ mAb® format with
non-binder Fab, anti-HelD1.3), FS22m-063-AA/4420 (anti-
mouse CD137 Feab in ‘mock’ mAb? format with non-binder
Fab, anti-4420), G1-AA/FS28m-228-010 (anti-mouse
MSLN antibody), combination of FS22m-063-AA/HelD1.3
plus G1-AA/FS28m-228-010 (anti-mouse CD137 Fcab plus
anti-mouse MSLN antibody), and FS22m-063-AA/FS28m-
228-010 (anti-mouse CD137/MSLN mAb?). The results
show that whereas mice treated with one of the two anti-
mouse CD137 Fcabs in ‘mock’ mAb® format, or the anti-
mouse MSLN antibody, as well as mice in the the combi-
nation treatment group did not show any improvement in
survival compared to the isotype control treated mice, mice
treated with FS22m-063-AA/FS28m-228-010-showed
improved survival compared to the isotype control treated
mice. (Log-rank pairwise analysis comparing treatment
groups to G1-AAHeID1.3 isotype control, ****p<0.0001).
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FIG. 14 shows the pharmacokinetic profile of anti-human
CD137/MSLN mAb? and anti-mouseCD137/MSLN mAb?
in a non-tumour bearing C57BL/6 mouse model. A: shows
anti-mouse CD137/MSLN mAb? (FS22m-063-AA/FS28m-
228-010) at 10 mg/kg, in comparison with 10 mg/kg human
IgG1 isotype control ((G1/4420), after a single intravenous
dose (n=3 per group). Both the human IgG1 isotype control
and the FS22m-063-AA/FS28m-228-010 mAb> maintained
high levels of exposure at 70.30 and 18.11 pg/ml, respec-
tively, at 144 hours post dose. The lower limit of quantifi-
cation (LLOQ) is shown at 5.48 ng/mL.. B: shows the levels
of anti-human CD137/MSLN mAb® (FS22-172-003-AA/
FS28-256-271) following an intravenous dose of 6.7 mg/kg,
in comparison with 6.7 mg/kg human IgG1 isotype control
(G1/4420), after a single intravenous dose administered to
non-tumour bearing C57BL/6 mice. Both the human IgG1
isotype control and the anti-human CD137/MSLN mAb>
maintained high levels of exposure at 28.36 and 60.26
ng/ml, respectively, at 144 hours post dose. The lower limit
of quantification (LLOQ) is shown at 1.82 ng/mlL..

DETAILED DESCRIPTION

The present invention relates to antibody molecules which
bind both to MSLN and CD137. Specifically, the antibody
molecules of the present invention comprise a CDR-based
antigen binding site for MSLN and a CD137 antigen binding
site located in a constant domain of the antibody molecule.

The antibody molecule preferably binds MSLN and
CD137 specifically. The term “specific” may refer to the
situation in which the antibody molecule will not show any
significant binding to molecules other than its specific
binding partner(s), here MSLN and CD137. The term “spe-
cific” is also applicable where the antibody molecule is
specific for particular epitopes, such as epitopes on MSLN
and CD137 that are carried by a number of antigens in which
case the antibody molecule will be able to bind to the various
antigens carrying the epitope. In a preferred embodiment,
the antibody molecule of the present invention does not
bind, or does not show any significant binding to OX40,
GITR, CD40, CEACAMS-5, E-Cadherin, Thrombomodulin,
or EpCAM.

The term “antibody molecule” describes an immuno-
globulin whether natural or partly or wholly synthetically
produced. The antibody molecule may be human or human-
ised, preferably human. The antibody molecule is preferably
a monoclonal antibody molecule. Examples of antibodies
are the immunoglobulin isotypes, such as immunoglobulin
G, and their isotypic subclasses, such as IgG1, IgG2, IgG3
and IgG4, as well as fragments thereof. The antibody
molecule may be isolated, in the sense of being free from
contaminants, such as antibodies able to bind other poly-
peptides and/or serum components.

The term “antibody molecule”, as used herein, thus
includes antibody fragments, provided said fragments com-
prise a CDR-based antigen binding site for MSLN and a
CD137 antigen binding site located in a constant domain.

The antibody molecule may be natural or partly or wholly
synthetically produced. For example, the antibody molecule
may be a recombinant antibody molecule.

The antibody molecule comprises one or more CDR-
based antigen-binding sites for MSLN and one or more
antigen-binding sites for CD137 in one or more constant
domains, preferably one or more CH3 domains, of the
antibody molecule.

The antibody molecule may be an immunoglobulin or an
antigen-binding fragment thereof. For example, the antibody
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molecule may be an IgG, IgA, IgE or IgM molecule,
preferably an IgG molecule, such as an 1gG1, 1gG2, IgG3 or
1gG4 molecule, more preferably an IgG1 or 1gG2 molecule,
most preferably an IgGG1 molecule, or a fragment thereof. In
a preferred embodiment, the antibody molecule is a com-
plete immunoglobulin molecule.

In other embodiments, the antibody molecule may be an
antigen-binding fragment comprising a CDR-based antigen-
binding site for MSLN and an antigen-binding sites for
CD137 located in a constant domain. For example, the
antigen-binding fragment may be a scFv-Fc fusion where
the scFv binds to MSLN and the Fc binds to OX40 or a
minibody, which comprises an scFv joined to a CH3 domain
(Hu et al. (1996), Cancer Res., 56(13):3055-61).

Antibodies and methods for their construction and use are
well-known in the art and are described in, for example,
Holliger and Hudson, 2005. It is possible to take monoclonal
and other antibodies and use techniques of recombinant
DNA technology to produce other antibodies or chimeric
molecules which retain the specificity of the original anti-
body. Such techniques may involve introducing CDRs or
variable regions of one antibody molecule into a different
antibody molecule (EP-A-184187, GB 2188638A and EP-
A-239400).

In a preferred embodiment, the antibody molecule is a
mAb? (TM) bispecific antibody. AmAb? bispecific antibody,
as referred to herein, is an IgG immunoglobulin which
includes a CDR-based antigen binding site in each of its
variable regions and at least one antigen binding site in a
constant domain of the antibody molecule.

In a preferred embodiment, the antibody is an antibody
molecule that binds MSLN and CD137, the antibody mol-
ecule comprising:

(1) two CDR-based antigen-binding sites for MSLN, each
formed by an immunoglobulin VH domain and an
immunoglobulin VL, domain; and

(ii) two antigen-binding sites that bind CD137 located in
the two CH3 domains of the antibody molecule.

In a more preferred embodiment, the antibody is a com-
plete immunoglobulin molecule, e.g. a complete IgG1 mol-
ecule, that binds MSLN and CD137, the antibody molecule
comprising:

(1) two CDR-based antigen-binding sites for MSLN, each
formed by an immunoglobulin VH domain and an
immunoglobulin VL, domain; and

(ii) two antigen-binding sites that bind CD137 located in
the two CH3 domains of the antibody molecule; and

wherein the immunoglobulin molecule further comprises
CHI1, CH2 and CL domains.

A CDR-based antigen-binding site is an antigen-binding
site in an antibody variable region. A CDR-based antigen-
binding site, may be formed by three CDRs, such as the
three light chain variable domain (VL) CDRs or three heavy
chain variable domain (VH) CDRs. Preferably the CDR-
based antigen-binding site is formed by six CDRs, three VL,
CDRs and three VH CDRs. The contributions of the differ-
ent CDRs to the binding of the antigen may vary in different
antigen binding sites.

The three VH domain CDRs of the antigen-binding site
may be located within an immunoglobulin VH domain and
the three VI domain CDRs may be located within an
immunoglobulin VL domain. For example, the CDR-based
antigen-binding site may be located in an antibody variable
region.

The antibody molecule has one or preferably more than
one, for example two, CDR-based antigen binding sites for
MSLN. The antibody molecule thus may comprise one VH
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and one VL domain but preferably comprises two VH and
two VL domains, i.e. two VH/VL domain pairs, as is the case
in naturally-occurring IgG molecules, for example.

The CDR-based antigen-binding site may comprise the
three VH CDRs or three VL. CDRs, preferably the three VH
CDRs and the three VL. CDRs, of antibody FS22-172-003-
AA/FS28-256-271, FS22-172-003-AA/FS28-024-052,
FS22-172-003-AA/FS28-256-021, FS22-172-003-AA/
FS28-256-012, FS22-172-003-AA/FS28-256-023, FS22-
172-003-AA/FS28-256-024, FS22-172-003-AA/FS28-256-
026, FS22-172-003-AA/FS28-256-027, FS22-172-003-AA/
FS28-256-001, FS22-172-003-AA/FS28-256-005, FS22-
172-003-AA/FS28-256-014, FS22-172-003-AA/FS28-256-
018, FS22-172-003-AA/FS28-256, FS22-172-003-AA/
FS28-024-051, FS22-172-003-AA/FS28-024-053, or FS22-
172-003-AA/FS28-024, preferably antibody FS22-172-003-
AA/FS28-256-271 or FS22-172-003-AA/FS28-024-052,
most preferably antibody FS22-172-003-AA/FS28-256-
271.

The sequences of the CDRs may be readily determined
from the VH and VL domain sequences of an antibody
molecule using routine techniques. The VH and VL. domain
sequences of antibodies FS22-172-003-AA/FS28-256-271,
FS22-172-003-AA/FS28-024-052, FS22-172-003-AA/
FS28-256-021, FS22-172-003-AA/FS28-256-012, FS22-
172-003-AA/FS28-256-023, FS22-172-003-AA/FS28-256-
024, FS22-172-003-AA/FS28-256-026, FS22-172-003-AA/
FS28-256-027, FS22-172-003-AA/FS28-256-001, FS22-
172-003-AA/FS28-256-005, FS22-172-003-AA/FS28-256-
014, FS22-172-003-AA/FS28-256-018, FS22-172-003-AA/
FS28-256, FS22-172-003-AA/FS28-024-051, FS22-172-
003-AA/FS28-024-053, and FS22-172-003-AA/FS28-024
are described herein, and the three VH and three VL. domain
CDRs of said antibodies may thus be determined from said
sequences. The CDR sequences may, for example, be deter-
mined according to Kabat et al., 1991 or the international
ImMunoGeneTics information system (IMGT) (Lefranc et
al., 2015).

The sequences of the VH domain and VL. domain of an
antibody containing the LALA mutation in the CH2 domain
are the same as an antibody which does not contain the
LALA mutation. For example, the VH and VL sequences of
antibody FS22-172-003-AA/FS28-256-271 are the same as
the VH and VL sequences of antibody FS22-172-003/FS28-
256-271. Likewise, the VH domain CDR1, CDR2 and
CDR3 and the VL domain CDR1, CDR2 and CDR3 of an
antibody containing the LALA mutation in the CH2 domain
are the same as an antibody which does not contain the
LALA mutation. For example, the VH domain CDRI,
CDR2 and CDR3 and VL domain CDR1, CDR2 and CDR3
sequences of antibody FS22-172-003-AA/FS28-256-271
are the same as the VH domain CDR1, CDR2 and CDR3 and
VL domain CDR1, CDR2 and CDR3 sequences of antibody
FS22-172-003/FS28-256-271.

The VH domain CDR1, CDR2 and CDR3 sequences of
the antibody molecule according to IMGT numbering may
be the sequences located at positions 27-38, 56-65, and
105-117, of the VH domain of the antibody molecule,
respectively.

The VH domain CDR1, CDR2 and CDR3 sequences of
the antibody molecule according to Kabat numbering may
be the sequences at located positions 31-35, 50-65, and
95-102 of the VH domain, respectively.

The VL domain CDR1, CDR2 and CDR3 sequences of
the antibody molecule according to IMGT numbering may
be the sequences located at positions 27-38, 56-65, and
105-117, of the VL domain, respectively.
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The VL. domain CDR1, CDR2 and CDR3 sequences of
the antibody molecule according to Kabat numbering may
be the sequences at located positions 24-34, 50-56, and
89-97 of the VL. domain, respectively.
For example, the sequence of the VH domain CDRI,
CDR2 and CDR3 of:
(1) FS22-172-003-AA/FS28-256-271 may be as set forth
in SEQ ID NOs 42, 33, and 44, respectively;
(i1) FS22-172-003-AA/FS28-024-052 may be as set forth
in SEQ ID NOs 14, 16, and 27, respectively;
(iii) FS22-172-003-AA/FS28-256-021 may be as set forth
in SEQ ID NOs 42, 33, and 44, respectively;
(iv) FS22-172-003-AA/FS28-256-012 may be as set forth
in SEQ ID NOs 42, 33, and 44, respectively;
(v) FS22-172-003-AA/FS28-256-023 may be as set forth
in SEQ ID NOs 50, 33, and 52, respectively;
(vi) FS22-172-003-AA/FS28-256-024 may be as set forth
in SEQ ID NOs 42, 33, and 44, respectively;
(vil) FS22-172-003-AA/FS28-256-026 may be as set
forth in SEQ ID NOs 50, 33, and 52, respectively;
(viil) FS22-172-003-AA/FS28-256-027 may be as set
forth in SEQ ID NOs 42, 33, and 44, respectively;
(ix) FS22-172-003-AA/FS28-256-001 may be as set forth
in SEQ ID NOs 38, 33, and 35, respectively;

(x) FS22-172-003-AA/FS28-256-005 may be as set forth
in SEQ ID NOs 38, 33, and 35, respectively;

(xi) FS22-172-003-AA/FS28-256-014 may be as set forth
in SEQ ID NOs 46, 33, and 48, respectively;

(xil) FS22-172-003-AA/FS28-256-018 may be as set
forth in SEQ ID NOs 50, 33, and 52, respectively;
(xiiil) FS22-172-003-AA/FS28-256 may be as set forth in

SEQ ID NOs 31, 33, and 35, respectively;
(xiv) FS22-172-003-AA/FS28-024-051 may be as set
forth in SEQ ID NOs 14, 16, and 25, respectively;
(xv) FS22-172-003-AA/FS28-024-053 may be as set
forth in SEQ ID NOs 14, 16, and 29, respectively; and

(xvi) FS22-172-003-AA/FS28-024 may be as set forth in
SEQ ID NOs 14, 16, and 18, respectively;

wherein the CDR sequences are defined according to the
IMGT numbering scheme.

The sequence of the VL. domain CDR1, CDR2 and CDR3

of:

(1) FS22-172-003-AA/FS28-256-271 may be as set forth
in SEQ ID NOs 20, 22, and 80, respectively;

(i1) FS22-172-003-AA/FS28-024-052 may be as set forth
in SEQ ID NOs 20, 22, 24, respectively;

(iii) FS22-172-003-AA/FS28-256-021 may be as set forth
in SEQ ID NOs 20, 22, 40, respectively;

(iv) FS22-172-003-AA/FS28-256-012 may be as set forth
in SEQ ID NOs 20, 22, 37, respectively;

(v) FS22-172-003-AA/FS28-256-023 may be as set forth
in SEQ ID NOs 20, 22, 40, respectively;

(vi) FS22-172-003-AA/FS28-256-024 may be as set forth
in SEQ ID NOs 20, 22, 41, respectively;

(vil) FS22-172-003-AA/FS28-256-026 may be as set
forth in SEQ ID NOs 20, 22, 41, respectively;

(viil) FS22-172-003-AA/FS28-256-027 may be as set
forth in SEQ ID NOs 20, 22, 80, respectively;

(ix) FS22-172-003-AA/FS28-256-001 may be as set forth
in SEQ ID NOs 20, 22, 40, respectively;

(x) FS22-172-003-AA/FS28-256-005 may be as set forth
in SEQ ID NOs 20, 22, 41, respectively;

(xi) FS22-172-003-AA/FS28-256-014 may be as set forth
in SEQ ID NOs 20, 22, 37, respectively;

(xil) FS22-172-003-AA/FS28-256-018 may be as set
forth in SEQ ID NOs 20, 22, 37, respectively;
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(xiii) FS22-172-003-AA/FS28-256 may be as set forth in
SEQ ID NOs 20, 22, 37, respectively;
(xiv) FS22-172-003-AA/FS28-024-051 may be as set
forth in SEQ ID NOs 20, 22, 24, respectively;
(xv) FS22-172-003-AA/FS28-024-053 may be as set
forth in SEQ ID NOs 20, 22, 24, respectively; and
(xvi) FS22-172-003-AA/FS28-024 may be as set forth in
SEQ ID NOs 20, 22, 24, respectively;

wherein the CDR sequences are defined according to the
IMGT numbering scheme.

For example, the sequence of the VH domain CDRI,

CDR2 and CDR3 of:

(1) FS22-172-003-AA/FS28-256-271 may be as set forth
in SEQ ID NOs 43, 5, and 45, respectively;

(i) FS22-172-003-AA/FS28-024-052 may be as set forth
in SEQ ID NOs 15, 17 and 28, respectively;

(1i1) FS22-172-003-AA/FS28-256-021 may be as set forth
in SEQ ID NOs 43, 34, 45, respectively;

(iv) FS22-172-003-AA/FS28-256-012 may be as set forth
in SEQ ID NOs 43, 34 and 45, respectively;

(v) FS22-172-003-AA/FS28-256-023 may be as set forth
in SEQ ID NOs 51, 34 and 53, respectively;

(vi) FS22-172-003-AA/FS28-256-024 may be as set forth
in SEQ ID NOs 43, 34 and 45, respectively;
(vii) FS22-172-003-AA/FS28-256-026 may be as set
forth in SEQ ID NOs 51, 34 and 53, respectively;
(viil) FS22-172-003-AA/FS28-256-027 may be as set
forth in SEQ ID NOs 43, 34 and 45, respectively;
(ix) FS22-172-003-AA/FS28-256-001 may be as set forth
in SEQ ID NOs 39, 34 and 36, respectively;

(x) FS22-172-003-AA/FS28-256-005 may be as set forth
in SEQ ID NOs 39, 34 and 36, respectively;

(x1) FS22-172-003-AA/FS28-256-014 may be as set forth
in SEQ ID NOs 47, 34 and 49, respectively;

(xii) FS22-172-003-AA/FS28-256-018 may be as set
forth in SEQ ID NOs 51, 34 and 53, respectively;
(xiii) FS22-172-003-AA/FS28-256 may be as set forth in

SEQ ID NOs 32, 34 and 36, respectively;
(xiv) FS22-172-003-AA/FS28-024-051 may be as set
forth in SEQ ID NOs 15, 17 and 26, respectively;
(xv) FS22-172-003-AA/FS28-024-053 may be as set
forth in SEQ ID NOs 15, 17 and 30, respectively; and

(xvi) FS22-172-003-AA/FS28-024 may be as set forth in
SEQ ID NOs 15, 17 and 19, respectively;

wherein the CDR sequences are defined according to the
Kabat numbering scheme.

The sequence of the VL. domain CDR1, CDR2 and CDR3

of:

(1) FS22-172-003-AA/FS28-256-271 may be as set forth
in SEQ ID NOs 21, 23, and 80, respectively;

(i) FS22-172-003-AA/FS28-024-052 may be as set forth
in SEQ ID NOs 21, 23 and 24, respectively;

(1i1) FS22-172-003-AA/FS28-256-021 may be as set forth
in SEQ ID NOs 21, 23 and 40, respectively;

(iv) FS22-172-003-AA/FS28-256-012 may be as set forth
in SEQ ID NOs 21, 23 and 37, respectively;

(v) FS22-172-003-AA/FS28-256-023 may be as set forth
in SEQ ID NOs 21, 23 and 40, respectively;

(vi) FS22-172-003-AA/FS28-256-024 may be as set forth
in SEQ ID NOs 21, 23 and 41, respectively;

(vii) FS22-172-003-AA/FS28-256-026 may be as set
forth in SEQ ID NOs 21, 23 and 41, respectively;
(viil) FS22-172-003-AA/FS28-256-027 may be as set
forth in SEQ ID NOs 21, 23 and 80, respectively;
(ix) FS22-172-003-AA/FS28-256-001 may be as set forth

in SEQ ID NOs 21, 23 and 40, respectively;
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(x) FS22-172-003-AA/FS28-256-005 may be as set forth

in SEQ ID NOs 21, 23 and 41, respectively;

(xi) FS22-172-003-AA/FS28-256-014 may be as set forth

in SEQ ID NOs 21, 23 and 37, respectively;

(xil) FS22-172-003-AA/FS28-256-018 may be as set

forth in SEQ ID NOs 21, 23 and 37, respectively;

(xiiil) FS22-172-003-AA/FS28-256 may be as set forth in

SEQ ID NOs 21, 23 and 37, respectively;

(xiv) FS22-172-003-AA/FS28-024-051 may be as set

forth in SEQ ID NOs 21, 23 and 24, respectively;

(xv) FS22-172-003-AA/FS28-024-053 may be as set

forth in SEQ ID NOs 21, 23 and 24, respectively; and

(xvi) FS22-172-003-AA/FS28-024 may be as set forth in

SEQ ID NOs 21, 23 and 24, respectively;
wherein the CDR sequences are defined according to the
Kabat numbering scheme.

The CDR-based antigen-binding site may comprise the
VH or VL domains, preferably the VH and VL domains, of
antibody of antibody antibody FS22-172-003-AA/FS28-
256-271, FS22-172-003-AA/FS28-024-052, FS22-172-003-
AA/FS28-256-021, FS22-172-003-AA/FS28-256-012,
FS22-172-003-AA/FS28-256-023, FS22-172-003-AA/
FS28-256-024, FS22-172-003-AA/FS28-256-026, FS22-
172-003-AA/FS28-256-027, FS22-172-003-AA/FS28-256-
001, FS22-172-003-AA/FS28-256-005, FS22-172-003-AA/
FS28-256-014, FS22-172-003-AA/FS28-256-018, FS22-
172-003-AA/FS28-256, FS22-172-003-AA/FS28-024-051,
FS22-172-003-AA/FS28-024-053, or FS22-172-003-AA/
FS28-024, preferably antibody FS22-172-003-AA/FS28-
256-271 or FS22-172-003-AA/FS28-024-052, most prefer-
ably antibody FS22-172-003-AA/FS28-256-271.

The VH domain of antibodies FS22-172-003-AA/FS28-
256-271, FS22-172-003-AA/FS28-024-052, FS22-172-003-
AA/FS28-256-021, FS22-172-003-AA/FS28-256-012,
FS22-172-003-AA/FS28-256-023, FS22-172-003-AA/
FS28-256-024, FS22-172-003-AA/FS28-256-026, FS22-
172-003-AA/FS28-256-027, FS22-172-003-AA/FS28-256-
001, FS22-172-003-AA/FS28-256-005, FS22-172-003-AA/
FS28-256-014, FS22-172-003-AA/FS28-256-018, FS22-
172-003-AA/FS28-256, FS22-172-003-AA/FS28-024-051,
FS22-172-003-AA/FS28-024-053, and FS22-172-003-AA/
FS28-024 may have the sequence set forth in SEQ ID NOs
177, 58,70, 70,74,70,74,70, 66, 66,72, 74, 62, 56, 60, and
12, respectively.

The VL domain of antibodies FS22-172-003-AA/FS28-
256-271, FS22-172-003-AA/FS28-024-052, FS22-172-003-
AA/FS28-256-021, FS22-172-003-AA/FS28-256-012,
FS22-172-003-AA/FS28-256-023, FS22-172-003-AA/
FS28-256-024, FS22-172-003-AA/FS28-256-026, FS22-
172-003-AA/FS28-256-027, FS22-172-003-AA/FS28-256-
001, FS22-172-003-AA/FS28-256-005, FS22-172-003-AA/
FS28-256-014, FS22-172-003-AA/FS28-256-018, FS22-
172-003-AA/FS28-256, FS22-172-003-AA/FS28-024-051,
FS22-172-003-AA/FS28-024-053, and FS22-172-003-AA/
FS28-024 may have the sequence set forth in SEQ ID NOs
76, 54, 68, 64, 68,78, 78, 76, 68, 78, 64, 64, 64, 54, 54 and,
54, respectively.

The antibody molecule preferably binds human MSLN,
more preferably human and cynomolgus MSLN. The anti-
body molecule of the present invention is preferably capable
of binding to MSLN expressed on the surface of a cell. The
cell is preferably a tumour cell.

As explained in the background section above, mature
MSLN is shed from tumour cells and is cleared from the
tumour site. This shed MSLN can act as a sink for anti-
MSLN binding molecules which after binding to the shed
MSLN are also cleared from the tumour site. In order to
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select for molecules which preferentially bind to MSLN
present on the surface of tumour cells, the present inventors
selected for antibody molecules with high avidity for
MSLN. Specifically, the present inventors selected antibody
molecules which bound to immobilised MSLN with higher
affinity than to MSLN in solution. Antibody molecules
which bind to MSLN with high avidity are thought to
preferentially bind to MSLN present on tumour cells where
multiple copies of MSLN are expected to be present and
available for bivalent binding by the antibody molecule, as
opposed to MSLN shed from tumour cells which is expected
to be in monomeric form. Without wishing to be bound by
theory, the antibody molecules of the invention are therefore
expected to be cleared from the tumour site less quickly, and
hence to have longer time window in which to exert their
therapeutic effect.

The antibody molecule preferably binds to immobilised
MSLN with a higher affinity than to MSLN in solution.
Immobilised MSLN may be MSLN immobilised at a sur-
face, such as chip for use in surface plasmon resonance.
MSLN in solution is also referred to as soluble MSLN herein
and is not immobilised. The soluble MSLN is preferably in
monomeric form, i.e. monomeric mesothelin.

The affinity of an antibody for its cognate antigen can be
expressed as the equilibrium dissociation constant (K,,) with
which the antibody interacts with said antigen. The higher
the K, value, the lower the affinity of the antibody molecule
for the antigen.

The antibody molecule preferably binds to immobilised
MSLN with an affinity (K,) of 9 nM, 8 nM, 7 nM, or 6 nM
or with a higher affinity. Preferably, the antibody molecule
binds to immobilised MSLN with a K, of 7 nM, or 6 nM or
a lower K, value.

The antibody molecule preferably binds to MSLN in
solution with an affinity (K,) of 15 nM, or with an affinity
that is lower. More preferably, the antibody molecule binds
to immobilised MSLN with an affinity (K,) of 16 nM, 17
nM, or 18 nM, or with an affinity that is lower.

In a preferred embodiment, the antibody molecule binds
immobilised MSLN with an affinity (K,) of 6 1M or with a
higher affinity, and binds MSLN in solution with an affinity
(K,) of 18 nM or with a lower affinity.

The binding affinity of an antibody molecule for cells
comprising surface-bound MSLN may be measured by
determining the concentration of the antibody molecule
needed to achieve half-maximal binding (ECs,) of the
antibody molecule to the cells. Suitable methods for deter-
mining the concentration of an antibody molecule needed to
achieve half-maximal binding of an antibody molecule to
cells are known in the art and disclosed in the present
Examples (see e.g. Example 7). As explained above, anti-
body molecules whose binding to tumour cells comprising
surface-bound MSLN is not affected or less affected by the
presence of soluble MSLN are preferred in view of the
presence of shed MSLN in the tumour environment. Thus,
in a preferred embodiment, the concentration of the antibody
molecule needed to achieve half-maximal binding (EC;,) of
the antibody to cells (e.g. tumour cells) comprising surface-
bound MSLN in the presence of 20 nM soluble MSLN is
less than 20-fold, less than 15-fold, less than 10-fold, less
than 9-fold, less than 8-fold, less than 7-fold, less than
6-fold, less than 5-fold, less than 4-fold, or less than 3-fold
higher than the concentration of the antibody molecule
needed to achieve half-maximal binding (ECs,) of the
antibody to the cells in the absence of soluble MSLN.

The binding of antibody molecules, which do not block
binding of MUC16 to MSLN, to cells comprising cell-bound
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MSLN has been shown to be less affected by the presence
of soluble MSLN. Thus, an antibody molecule which is not
capable of, or does not block, binding of MUC16 to MSLN
may be preferred.

The immobilised MSLN may have the sequence set forth
in SEQ ID NO: 142. The MSLN in solution may have the
sequence set forth in SEQ ID NO: 142.

The antibody molecules of the invention have also been
shown to bind cynomolgus MSLN. This is thought to be
beneficial for carrying out efficacy and toxicity studies with
the antibody molecule in cynomolgus monkeys, which may
be predictive of the efficacy and toxicity of the antibody
molecule in humans.

The antibody molecule may bind to immobilised human
MSLN and immobilised cynomolgus MSLN with similar
affinity. In addition, the antibody molecule may bind to
human MSLN in solution and cynomolgus MSLN in solu-
tion with similar affinity. This is thought to be beneficial for
ensuring that efficacy and toxicity studies carried out with
the antibody molecule in cynomolgus monkeys are predic-
tive of the efficacy and toxicity of the antibody molecule in
humans.

Thus, in a preferred embodiment, the antibody molecule
binds to immobilised cynomolgus MSLN with an affinity
which is no more than 10-fold, preferably no more than
5-fold, more preferably no more than 3-fold lower or higher
than the affinity with which the antibody molecule binds
immobilised human MSLN. In addition, the antibody mol-
ecule preferably binds to cynomolgus MSLN in solution
with an affinity which is no more than 10-fold, preferably no
more than 5-fold, more preferably no more than 2-fold lower
or higher than the affinity with which the antibody molecule
binds human MSLN in solution.

The antibody molecules have been shown to have range
of activities on ligand binding. For example, the antibody
molecule may be capable of blocking, or may not be capable
of blocking binding of MUC16 to MSLN.

The antibody molecule may comprise CDRs 1-6, the VH
domain and/or VL. domain of antibody FS22-172-003-AA/
FS28-024-051, FS22-172-003-AA/FS28-024-052, FS22-
172-003-AA/FS28-024-053, or FS22-172-003-AA/FS28-
024, or a variant thereof, wherein the antibody molecule
blocks binding of MUC16 to MSLN.

Alternatively, the antibody molecule may comprise CDRs
1-6, the VH domain and/or VL. domain of antibody FS22-
172-003-AA/FS28-256-271, FS22-172-003-AA/FS28-256-
021, FS22-172-003-AA/FS28-256-012, FS22-172-003-AA/
FS28-256-023, FS22-172-003-AA/FS28-256-024, FS22-
172-003-AA/FS28-256-026, FS22-172-003-AA/FS28-256-
027, FS22-172-003-AA/FS28-256-001, FS22-172-003-AA/
FS28-256-005, FS22-172-003-AA/FS28-256-014, FS22-
172-003-AA/FS28-256-018, or FS22-172-003-AA/FS28-
256, or a variant thereof, wherein the antibody molecule
does not block binding of MUC16 to MSLN.

Methods which are suitable for determining the ability of
an antibody molecule to block the binding of MUCI16 to
MSLN are known in the art and include ELISAs and
cell-based assays, for example an assay where the antibody
competes for binding with MUCI16 for binding to cells
expressing MSLN, such as NCI-H226 cells.

The antibody molecule of the invention comprises a
CD137 antigen-binding site. The CD137 antigen-binding
site is located in a constant domain of the antibody molecule,
preferably a CH3 domain. The CD137 antigen-binding site
comprises one or more modified structural loops in a con-
stant domain of the antibody molecule. Engineering anti-
body constant domain structural loops to create antigen-
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binding sites for target antigens is known in the art and is
described, for example, Wozniak-Knopp G et al. (2010)
Protein Eng Des. 23 (4): 289-297; W02006/072620 and
W02009/132876. The CD137 constant domain antigen-
binding site comprised in the antibody molecules of the
invention was identified following an extensive selection
and affinity maturation program, and preferentially binds to
dimeric rather than monomeric human CD137.

The CD137 antigen-binding site of the antibody molecule
comprises a first and second sequence, wherein the first and
second sequences are located in the AB and EF structural
loops of the constant domain, preferably the CH3 domain, of
the antibody molecule, respectively. The first sequence and
second sequence are preferably the first and second
sequence of FS22-172-003 set forth in SEQ ID NOs 10 and
11, respectively. The first and second sequences are prefer-
ably located between positions 14 and 17, and positions 91
and 99, of the CH3 domain of antibody molecule, respec-
tively, wherein the residue numbering is according to IMGT
numbering.

The CD loop sequence of the antibody molecule is
preferably unmodified, i.e. wild-type. The CD loop sequence
therefore preferably has the sequence set forth in SEQ ID
NO: 157. The CD loop sequence is preferably located at
positions 43 to 78 of the CH3 domain of the antibody
molecule, wherein the residue numbering is according to
IMGT numbering.

In a preferred embodiment, the antibody molecule com-
prises a CH3 domain which comprises, has, or consists of
the CH3 domain sequence of FS22-172-003 set forth in SEQ
ID NO: 8.

The CH3 domain of the antibody molecule may option-
ally comprise an additional lysine residue (K) at the imme-
diate C-terminus of the CH3 domain sequence.

It is possible to take monoclonal and other antibodies and
use techniques of recombinant DNA technology to produce
other antibodies or chimeric molecules which retain the
specificity of the original antibody. Such techniques may
involve introducing the CDRs, or variable regions, into a
different immunoglobulin. Introduction of the CDRs of one
immunoglobulin into another immunoglobulin is described,
for example, in EP-A-184187, GB 2188638A and EP-A-
239400. Similar techniques could be employed to introduce
the constant domain sequences making up the CD137 anti-
gen-binding site of an antibody molecule according to the
invention into a constant domain, e.g. a CH3 domain, of
another antibody molecule, thereby resulting in an antibody
molecule comprising a CD137 antigen-binding site in its
constant domain. Alternatively, an entire constant domain
sequence of an antibody molecule could be replaced with the
constant domain sequence of an antibody molecule accord-
ing to the invention to prepare an antibody molecule com-
prising a CD137 antigen-binding site in its constant domain.
Similarly a fragment of the constant domain sequence of an
antibody molecule could be replaced with a corresponding
fragment of a constant domain sequence of an antibody
molecule according to the invention comprising the CD137
antigen-binding site.

The antibody molecule preferably binds human CD137,
more preferably human and cynomolgus CD137, yet more
preferably dimeric human and cynomolgus CD137. The
portion of CD137 bound by the antibody molecule is pref-
erably the CD137 extracellular domain. The extracellular
domain of human and cynomolgus CD137 may comprise or
consist of the sequence set forth in SEQ ID NOs 149 and
153, respectively. The antibody molecule is preferably
capable of binding to CD137 expressed on the surface of a
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cell. The cell is preferably an immune cell, such as a CD8*
or CD4* T cell or regulatory T (Treg) cell, preferably a CD8*
T cell, or a B cell, natural killer (NK) cell, natural killer T
(NKT) cell, dendritic cell (DC), or a tumour-infiltrating
lymphocyte (TIL).

As explained in the background section above, treatment
of patients with the anti-CD137 antibody urelumab was
associated with dose-limiting high-grade liver inflammation.
Without wishing to be bound by theory, it is thought that the
liver inflammation seen with urelumab treatment may have
been due to activation of T cells present in the liver, or
infiltration and accumulation of activated T cells in the liver
of the patients. In order to select for molecules with reduced
or no liver inflammation, the present inventors selected for
Fcabs with high avidity for CD137. Specifically, the present
inventors selected Fcabs which bound to dimeric CD137
with higher affinity than monomeric CD137. Expression of
CD137 by T cells is upregulated on priming and activation.
It is thought that due to the higher expression of CD137 on
activated T cells, CD137 will be in the form of dimers,
trimers and higher-order multimers on the surface of such
cells. In contrast, CD137 expression by inactive T cells
express low or even undetectable. It is therefore thought that
CD137, in so far as this is expressed at all on the surface of
such T cells, is likely to be in monomeric form. CD137/
MSLN mAb? which bind to CD137 with high avidity are
therefore thought to preferentially bind to activated T cells,
as opposed to inactive T cells, such as inactive T cells
present in the liver, and therefore exhibit reduced or no liver
inflammation. This expectation was confirmed by determin-
ing the liver pharmacology of mice treated with an anti-
mouse CD137/MSLN mAb?, which showed that the treat-
ment did not result in hepatotoxicity (Example 13).

The antibody molecule preferably binds to dimeric human
CD137 with an affinity (K,) of 60 nM, 50 nM, 40 nM, 30
nM, 20 nM, 10 nM, 5 nM, 4 nM, 3 nM, or 2 nM, or an
affinity which is greater.

In a preferred embodiment, the antibody molecule binds
to dimeric CD137 with a higher affinity than monomeric
CD137. In a preferred embodiment, the antibody molecule
binds to dimeric CD137 with an affinity which is at least
50-fold, 60-fold, 70-fold, 80-fold, 90-fold, 100-fold, 110-
fold, 120-fold, 130-fold, 140-fold, 150-fold, 160-fold, 170-
fold or 200-fold higher than the affinity of the antibody
molecule for monomeric CD137.

The monomeric human CD137 may, for example, have
the sequence set forth in SEQ ID NO: 149.

Antibody molecules from the FS22-172 lineage have also
been shown to bind dimeric cynomolgus CD137. Binding to
cynomolgus CD137 as well as human CD137 is beneficial as
it permits testing of the antibody molecule in cynomolgus
monkeys for efficacy and toxicity prior to administration to
humans.

In a preferred embodiment, the antibody molecule may
bind to dimeric cynomolgus CD137 with an affinity (K,,) of
250 nM, 200 nM, 150 nM, 140 nM, 120 nM, 100 nM, 90
nM, 80 nM, 70 nM, 60 nM, 50 nM, 40 nM, 30 nM, 20 nM,
10 nM, 5 nM, 4 nM, 3 nM, or 2 nM or an affinity which is
greater. Preferably, the antibody molecule binds to cyno-
molgus CD137, with an affinity (K,,) of 2 nM, or an affinity
which is greater.

The antibody molecule may bind to dimeric human
CD137 and dimeric cynomolgus CD137 with similar affin-
ity. This is thought to be beneficial for ensuring that efficacy
and toxicity studies carried out with the antibody molecule
in cynomolgus monkeys are predictive of the efficacy and
toxicity of the antibody molecule in humans.
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Thus, in a preferred embodiment, the antibody molecule
binds to dimeric cynomolgus CD137 with an affinity which
is no more than 10-fold, preferably no more than 5-fold
lower or higher than the affinity with which the antibody
molecule binds dimeric human CD137.

The binding affinity of an antibody molecule to a cognate
antigen, such as human or cynomolgus CDI137 can be
determined by surface plasmon resonance (SPR), such as
Biacore, for example.

The antibody molecule may be capable of blocking the
interaction between CD137 and its ligand, CD137L, pref-
erably human CD137 and human CD137L. The ability of
antibody molecule to block the binding of CDI137L to
CD137 may be determined using an ELISA.

In addition, the antibody molecule may comprise a CH2
domain of an immunoglobulin G molecule, such as a CH2
domain of an IgG1, 1gG2, IgG3, or 1gG4 molecule. Prefer-
ably the antibody molecule comprises a CH2 domain of an
1gG1 molecule. The CH2 domain may have the sequence set
forth in SEQ ID NO:154. The CH2 domain is known bind
to Fey receptors and complement. Binding of the CH2
domain to Fcy receptors is required antibody-dependent
cell-mediated cytotoxicity (ADCC), while binding to
complement is required complement-dependent cytotoxicity
(CDO).

The CH2 domain of the antibody molecule preferably
comprises one or more mutations that reduce or abrogate
binding of the CH2 domain to one or more Fcy receptors,
such as FcyRI, FeyRIIa, FeyRIIb, FeyRIIL, and/or to comple-
ment. The inventors postulate that reducing or abrogating
binding to Fcy receptors will decrease or eliminate ADCC
mediated by the antibody molecule. Similarly, reducing or
abrogating binding to complement is expected to reduce or
eliminate CDC mediated by the antibody molecule. Without
wishing to be bound by theory, this is expected to reduce or
avoid liver inflammation when the antibody molecule is
administered to a patient. Mutations to decrease or abrogate
binding of the CH2 domain to one or more Fcy receptors
and/or complement are known in the art (Wang et al., 2018).
These mutations include the “LALA mutation” described in
Bruhns et al., 2009 and Hezareh et al., 2001, which involves
substitution of the leucine residues at positions 1.3 and 1.2
of the CH2 domain with alanine (IL1.3A and [L1.2A). Alter-
natively, the generation of a-glycosyl antibodies through
mutation of the conserved N-linked glycosylation site by
mutating the asparagine (N) at position 84.4 of the CH2
domain to alanine, glycine or glutamine (N84.4A, N84.4G
or N84.4Q)) is also known to decrease IgG1 effector function
(Wang et al., 2018). As a further alternative, complement
activation (Clq binding) and ADCC are known to be
reduced through mutation of the proline at position 114 of
the CH2 domain to alanine or glycine (P114A or P114G)
(Idusogie et al., 2000; Klein et al., 2016). These mutations
may also be combined in order to generate antibody mol-
ecules with further reduced or no ADCC or CDC activity.

Thus, the antibody molecule may comprise a CH2
domain, wherein the CH2 domain comprises:

(1) alanine residues at positions 1.3 and 1.2; and/or

(i1) an alanine or glycine at position 114; and/or

(iii) an alanine, glutamine or glycine at position 84.4;

wherein the amino acid residue numbering is according to

the IMGT numbering scheme.

In a preferred embodiment, the antibody molecule com-
prises a CH2 domain, wherein the CH2 domain comprises:

(1) an alanine residue at position 1.3; and

(i1) an alanine residue at position 1.2;
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wherein the amino acid residue numbering is according to

the IMGT numbering scheme.

For example, the CH2 domain may have the sequence set
forth in SEQ ID NO: 155.

In an alternative preferred embodiment, the antibody
molecule comprises a CH2 domain,

wherein the CH2 domain comprises:

(1) an alanine residue at position 1.3;
(i1) an alanine residue at position 1.2; and
(iii) an alanine at position 114;

wherein the amino acid residue numbering is according to

the IMGT numbering scheme.
For example, the CH2 domain may have the sequence set
forth in SEQ ID NO: 156.
In an alternative preferred embodiment, the antibody
molecule comprises the heavy chain and/or light chain,
preferably the heavy chain and light chain, of antibody:
(i) FS22-172-003-AA/FS28-256-271 set forth in SEQ ID
NOs 3 and 84, respectively;

(ii) FS22-172-003-AA/FS28-024-052 set forth in SEQ ID
NOs 102 and 85, respectively;

(iii) FS22-172-003-AA/FS28-256-021 set forth in SEQ
ID NOs 125 and 82, respectively;

(iv) FS22-172-003-AA/FS28-256-012 set forth in SEQ
ID NOs 125 and 116, respectively;

(v) FS22-172-003-AA/FS28-256-023 set forth in SEQ ID
NOs 133 and 82, respectively;

(vi) FS22-172-003-AA/FS28-256-024 set forth in SEQ
ID NOs 125 and 83, respectively;

(vii) FS22-172-003-AA/FS28-256-026 set forth in SEQ
ID NOs 133 and 83, respectively;

(viii) FS22-172-003-AA/FS28-256-027 set forth in SEQ
ID NOs 125 and 84, respectively;

(ix) FS22-172-003-AA/FS28-256-001 set forth in SEQ
ID NOs 120 and 82, respectively;

(x) FS22-172-003-AA/FS28-256-005 set forth in SEQ ID
NOs 120 and 78, respectively;

(xi) FS22-172-003-AA/FS28-256-014 set forth in SEQ
ID NOs 129 and 116, respectively;

(xii) FS22-172-003-AA/FS28-256-018 set forth in SEQ
ID NOs 133 and 116, respectively;

(xiii) FS22-172-003-AA/FS28-256 set forth in SEQ ID
NOs 114 and 116, respectively;

(xiv) FS22-172-003-AA/FS28-024-051 set forth in SEQ
ID NOs 98 and 85, respectively;

(xv) FS22-172-003-AA/FS28-024-053 set forth in SEQ
ID NOs 106 and 85, respectively; or

(xvi) FS22-172-003-AA/FS28-024 set forth in SEQ ID
NOs 94 and 85, respectively.

In a more preferred embodiment, the antibody molecule
comprises the heavy chain and/or light chain, preferably the
heavy chain and light chain, of: antibody FS22-172-003-
AA/FS28-256-271 or FS22-172-003-AA/FS28-024-052,
most preferably antibody FS22-172-003-AA/FS28-256-,
wherein the heavy and light chain sequences of these
antibodies are as set out above.

The antibody molecules of the present invention may also
comprise variants of a first, second or third sequence, AB,
CD or EF structural loop sequence, CH3 domain, CH2
domain, CDR, VH domain, VL domain, light chain and/or
heavy chain sequences disclosed herein. Suitable variants
can be obtained by means of methods of sequence alteration,
or mutation, and screening. In a preferred embodiment, an
antibody molecule comprising one or more variant
sequences retains one or more of the functional character-
istics of the parent antibody molecule, such as binding
specificity and/or binding affinity for MSLN and CD137.
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For example, an antibody molecule comprising one or more
variant sequences preferably binds to MSLN and/or CD137
with the same affinity, or a higher affinity, than the (parent)
antibody molecule. The parent antibody molecule is an
antibody molecule which does not comprise the amino acid
substitution(s), deletion(s), and/or insertion(s) which have
been incorporated into the variant antibody molecule.

An antibody molecule which comprises CDRs 1-6, the
VH domain, and/or the heavy chain of antibody FS22-172-
003-AA/FS28-256-021, FS22-172-003-AA/FS28-256-012,
FS22-172-003-AA/FS28-256-023, FS22-172-003-AA/
FS28-256-024, FS22-172-003-AA/FS28-256-026, FS22-
172-003-AA/FS28-256-027, FS22-172-003-AA/FS28-256-
001, FS22-172-003-AA/FS28-256-005, FS22-172-003-AA/
FS28-256-014, FS22-172-003-AA/FS28-256-018, or FS22-
172-003-AA/FS28-256 may comprise an amino acid
substitution at position 55 or 57 of the VH domain, wherein
the amino acid residue numbering is according to the IMGT
numbering scheme.

For example, the antibody molecule may comprise CDRs
1-6, the VH domain, and/or the heavy chain of antibody
FS22-172-003-AA/FS28-256-027, wherein the antibody
molecule comprises an amino acid substitution at position
55 of the VH domain, and wherein the amino acid residue
numbering is according to the IMGT numbering scheme.

For example, an antibody molecule of the invention may
comprise a first, second or third sequence, AB, CD or EF
structural loop sequence, CH3 domain, CH2 domain, CDR,
VH domain, VL. domain, light chain and/or heavy chain
sequence which has at least 70%, at least 75%, at least 80%,
at least 85%, at least 90%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99%, at least 99.1%, at least
99.2%, at least 99.3%, at least 99.4%, at least 99.5%, at least
99.6%, at least 99.7%, at least 99.8%, or at least 99.9%
sequence identity to a structural loop, CH3 domain, CH2
domain, CDR, VH domain, VL. domain, light chain or heavy
chain sequence disclosed herein.

In a preferred embodiment, the antibody molecule of the
invention comprises a CH3 domain sequence which has at
least 97%, at least 98%, at least 99%, at least 99.1%, at least
99.2%, at least 99.3%, at least 99.4%, at least 99.5%, at least
99.6%, at least 99.7%, at least 99.8%, or at least 99.9%
sequence identity to a CH3 domain as disclosed herein.

In a further preferred embodiment, the antibody molecule
has or comprises a CH2 domain sequence, which has at least
95%, at least 96%, at least 97%, at least 98%, at least 99%,
at least 99.1%, at least 99.2%, at least 99.3%, at least 99.4%,
at least 99.5%, at least 99.6%, at least 99.7%, at least 99.8%,
or at least 99.9% sequence identity to a CH2 domain as
disclosed herein.

Sequence identity is commonly defined with reference to
the algorithm GAP (Wisconsin GCG package, Accelerys
Inc, San Diego USA). GAP uses the Needleman and Wunsch
algorithm to align two complete sequences, maximising the
number of matches and minimising the number of gaps.
Generally, default parameters are used, with a gap creation
penalty equaling 12 and a gap extension penalty equaling 4.
Use of GAP may be preferred but other algorithms may be
used, e.g. BLAST (which uses the method of Altschul et al.,
1990), FASTA (which uses the method of Pearson and
Lipman, 1988), or the Smith-Waterman algorithm (Smith
and Waterman, 1981), or the TBLASTN program, of Alts-
chul et al., 1990 supra, generally employing default param-
eters. In particular, the psi-Blast algorithm (Altschul et al.,
1997) may be used.

An antibody molecule of the invention may also comprise
a first, second or third sequence, AB, CD or EF structural



US 12,319,739 B2

29

loop sequence, CH3 domain, CH2 domain, VH domain, VL.
domain, light chain and/or heavy chain which has one or
more amino acid sequence alterations (addition, deletion,
substitution and/or insertion of an amino acid residue),
preferably 20 alterations or fewer, 15 alterations or fewer, 10
alterations or fewer, 5 alterations or fewer, 4 alterations or
fewer, 3 alterations or fewer, 2 alterations or fewer, or 1
alteration compared with a first, second or third sequence,
AB, CD or EF structural loop sequence, CH3 domain, CH2
domain, Fcab, CDR, VH domain, VL domain, light chain or
heavy chain sequence disclosed herein. In particular, altera-
tions may be made in one or more framework regions of the
antibody molecule outside the VH and VL domain
sequences and/or in one or more framework regions of the
CH3 domain. For example, the alterations may be in the
CH3 domain outside of the sequences described herein as a
first, second and third sequences, or as AB, CD or EF
structural loop sequences.

The antibody molecule may comprise a VH CDR1, VH
CDR2, VH CDR3, VL. CDR1, VL CDR2, and/or VL. CDR3
which has one or more amino acid sequence alterations
(addition, deletion, substitution and/or insertion of an amino
acid residue), preferably 3 alterations or fewer, 2 alterations
or fewer, or 1 alteration compared with the VH CDR1, VH
CDR2, VH CDR3, VL. CDR1, VL CDR2, and/or VL. CDR3
as disclosed herein.

In a preferred embodiment, the antibody molecule of the
invention may comprise a CH3 domain sequence with one
or more amino acid sequence alterations (addition, deletion,
substitution and/or insertion of an amino acid residue),
preferably 20 alterations or fewer, 15 alterations or fewer, 10
alterations or fewer, 5 alterations or fewer, 4 alterations or
fewer, 3 alterations or fewer, 2 alterations or fewer, or 1
alteration compared with the CH3 domain as disclosed
herein.

In preferred embodiments in which one or more amino
acids are substituted with another amino acid, the substitu-
tions may conservative substitutions, for example according
to the following Table. In some embodiments, amino acids
in the same category in the middle column are substituted for
one another, i.e. a non-polar amino acid is substituted with
another non-polar amino acid, for example. In some embodi-
ments, amino acids in the same line in the rightmost column
are substituted for one another.

ALIPHATIC Non-polar GAP
ILV
Polar- CSTM
uncharged NQ
Polar-charged DE
KR
AROMATIC HFWY

In some embodiments, substitution(s) may be functionally
conservative. That is, in some embodiments the substitution
may not affect (or may not substantially affect) one or more
functional properties (e.g. binding affinity) of the antibody
molecule comprising the substitution as compared to the
equivalent unsubstituted antibody molecule.

The antibody molecule of the invention preferably
induces increased T cell activation when the antibody mol-
ecule is crosslinked, e.g. through binding to MSLN, than
when the antibody molecule is not crosslinked.

The ability of an antibody molecule to activate T cells
may be measured using a T cell activation assay. T cells
release IL-2 on activation. A T cell activation assay may
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therefore measure IL-2 release to determine the level of T
cell activation induced by the antibody molecule or antibody
molecule.

For example, the ability of the antibody molecule to
activate T cells may be determined by measuring the con-
centration of the antibody molecule required to achieve
half-maximal release of 1[.-2 by the T cells in a T cells
activation assay when the antibody molecule is crosslinked.
This is referred to as the ECy, of the antibody molecule
below. A lower EC, indicates that a lower concentration of
the antibody molecule is needed to achieve half-maximal
release of IL-2 by the T cells in the T cells activation assay,
and thus that the antibody molecule has a higher T cell
activation activity. The antibody molecule may be cross-
linked using an anti-CH2 antibody, for example.

In a preferred embodiment, the antibody molecule has an
EC,, in a T cell activation assay which is within 10-fold,
5-fold, 4-fold, 3-fold, or 2-fold of the EC,, FS22-172-003-
AA/FS28-256-271 or FS22-172-003-AA/FS28-024-052 in
the same assay.

In an alternative preferred embodiment, the antibody
molecule has an EC;, in a T cell activation assay which is
within 10-fold, 5-fold, 4-fold, 3-fold, or 2-fold of the ECy,
FS22-172-003-AA/FS28-256-271 or FS22-172-003-AA/
FS28-024-052 in the same assay.

For example, the antibody molecule may have an ECs,, in
a T cell activation assay of 5 nM or less, 4 nM or less, 3 nM
or less, 2 nM or less, 1 nM or less, or 0.5 nM or less.

In addition, or alternatively, the ability of an antibody
molecule to activate T cells may be determined by measur-
ing the maximum concentration of IL.-2 released by the T
cells in a T cell activation assay in the presence of the
antibody molecule, wherein the antibody molecule is cross-
linked.

In a preferred embodiment, the maximum concentration
of IL-2 released by the T cells in a T cell activation assay in
the presence of the antibody molecule in the presence of
crosslinking is within 3-fold, 2-fold, or 1.5-fold of the
maximum concentration of IL.-2 released by the T cells in
the presence of FS22-172-003-AA/FS28-256-271 or FS22-
172-003-AA/FS28-024-052 in the same assay.

The T cell activation assay may be a T cell assay as
described herein, such as a CD8" T cell assay, as described
in the present Examples, see e.g. Example 8.

For example, a T cell activation assay may be an 1L-2
release assay based on CD8* T cells isolated from human
Peripheral Blood Mononuclear Cells (PBMCs). For
example, the T cell activation assay may comprise isolating
human PBMCs from leucocyte depletion cones. Methods for
isolating PBMCs are known in the art and described in the
present examples. The CD8" T cells may then be isolated
from the PBMCs. Methods for isolating CD8" T cells from
PBMCs are known in the art and described in the present
examples.

The CD8* T cells may then be added to multiwall plates
coated with an anti-human CD3 antibody. A suitable dilution
of each test antibody molecule may be prepared and added
to the wells. The T cells may then be incubated at 37° C., 5%
CO, for 24 hours with the test antibody. Supernatants may
be collected and assayed to determine the concentration of
IL-2 in the supernatant. Methods for determining the con-
centration of IL-2 in a solution are known in the art and
described in the present examples. The concentration of
human I1.-2 may be plotted versus the log concentration of
the antibody molecule. The resulting curves may be fitted
using the log (agonist) versus response equation.
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The antibody molecule may be conjugated to a bioactive
molecule or a detectable label. In this case, the antibody
molecule may be referred to as a conjugate. Such conjugates
find application in the treatment and/or diagnosis of diseases
as described herein.

For example, the bioactive molecule may be an immune
system modulator, such as a cytokine, preferably a human
cytokine. For example, the cytokine may be a cytokine
which stimulates T cell activation and/or proliferation.
Examples of cytokines for conjugation to the antibody
molecule include I1L-2, IL-10, IL-12, I1L-15, IL-21, GM-CSF
and IFN-gamma.

Alternatively, the bioactive molecule may be a ligand
trap, such as a ligand trap of a cytokine, e.g. of TGF-beta or
1L-6.

As a further alternative, the bioactive molecule may be a
ligand such as CD137L, OX40L, TRAIL, CD40L, CD27L,
or GITRL.

As a further alternative, the bioactive molecule may be a
drug such as an inhibitor of tubulin polymerisation (e.g. an
auristatin), a tubulin depolymerisation agent (e.g. a may-
tansine), a DNA strand scission inducing agent (e.g. cali-
cheamicin), a DNA alkylating agent (e.g. duocarmycin), or
an RNA polymerase inhibitor (such as alpha-amanitin).

Suitable detectable labels which may be conjugated to
antibody molecules are known in the art and include radio-
isotopes such as iodine-125, iodine-131, yttrium-90, indium-
111 and technetium-99; fluorochromes, such as fluorescein,
rhodamine, phycoerythrin, Texas Red and cyanine dye
derivatives for example, Cy7 and Alexa750; chromogenic
dyes, such as diaminobenzidine; latex beads; enzyme labels
such as horseradish peroxidase; phosphor or laser dyes with
spectrally isolated absorption or emission characteristics;
and chemical moieties, such as biotin, which may be
detected via binding to a specific cognate detectable moiety,
e.g. labelled avidin.

The antibody molecule may be conjugated to the bioac-
tive molecule or detectable label by means of any suitable
covalent or non-covalent linkage, such as a disulphide or
peptide bond. Where the bioactive molecule is a cytokine,
the cytokine may be joined to the antibody molecule by
means of a peptide linker. Suitable peptide linkers are known
in the art and may be 5 to 25, 5 to 20, 5 to 15, 10 to 25, 10
to 20, or 10 to 15 amino acids in length.

In some embodiments, the bioactive molecule may be
conjugated to the antibody molecule by a cleavable linker.
The linker may allow release of the bioactive molecule from
the antibody molecule at a site of therapy. Linkers may
include amide bonds (e.g. peptidic linkers), disulphide
bonds or hydrazones. Peptide linkers for example may be
cleaved by site specific proteases, disulphide bonds may be
cleaved by the reducing environment of the cytosol and
hydrazones may be cleaved by acid-mediated hydrolysis.

The conjugate may be a fusion protein comprising the
antibody molecule and the bioactive molecule. In this case
the bioactive molecule may be conjugated to the antibody
molecule by means of a peptide linker or peptide bond.
Where the antibody molecule is a multichain molecule, such
as where the antibody molecule is or comprises an Fcab or
is a mAb?, the bioactive molecule may be conjugated to one
or more chains of the antibody molecule. For example, the
bioactive molecule may be conjugated to one or both of the
heavy chains of the mAb? molecule. Fusion proteins have
the advantage of being easier to produce and purify, facili-
tating the production of clinical-grade material.

The invention also provides an isolated nucleic acid
molecule or molecules encoding an antibody molecule of the
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invention. The skilled person would have no difficulty in
preparing such nucleic acid molecules using methods well-
known in the art.

In an alternative preferred embodiment, the nucleic acid
molecule(s) encode(s) the heavy chain and/or light chain,
preferably the heavy chain and light chain, of: antibody
FS22-172-003-AA/FS28-256-271, FS22-172-003-AA/
FS28-024-052, FS22-172-003-AA/FS28-256-021, FS22-
172-003-AA/FS28-256-012, FS22-172-003-AA/FS28-256-
023, FS22-172-003-AA/FS28-256-024, FS22-172-003-AA/
FS28-256-026, FS22-172-003-AA/FS28-256-027, FS22-
172-003-AA/FS28-256-001, FS22-172-003-AA/FS28-256-
005, FS22-172-003-AA/FS28-256-014, FS22-172-003-AA/
FS28-256-018, FS22-172-003-AA/FS28-256, FS22-172-
003-AA/FS28-024-051, FS22-172-003-AA/FS28-024-053,
or FS22-172-003-AA/FS28-024, preferably antibody FS22-
172-003-AA/FS28-256-271 or FS22-172-003-AA/FS28-
024-052, most preferably antibody FS22-172-003-AA/
FS28-256-271.

A nucleic acid molecule which encodes the heavy chain of
antibody FS22-172-003-AA/FS28-256-271, FS22-172-003-
AA/FS28-024-052, FS22-172-003-AA/FS28-256-021,
FS22-172-003-AA/FS28-256-012, FS22-172-003-AA/
FS28-256-023, FS22-172-003-AA/FS28-256-024, FS22-
172-003-AA/FS28-256-026, FS22-172-003-AA/FS28-256-
027, FS22-172-003-AA/FS28-256-001, FS22-172-003-AA/
FS28-256-005, FS22-172-003-AA/FS28-256-014, FS22-
172-003-AA/FS28-256-018, FS22-172-003-AA/FS28-256,
FS22-172-003-AA/FS28-024-051, FS22-172-003-AA/
FS28-024-053, and FS22-172-003-AA/FS28-024, is set
forth in SEQ ID NOs: 4, 103, 126, 126, 134, 126, 134, 126,
121, 121, 130, 134, 115, 99, 107, and 95, respectively.

A nucleic acid molecule which encodes the light chain of
antibody FS22-172-003-AA/FS28-256-271, FS22-172-003-
AA/FS28-024-052, FS22-172-003-AA/FS28-256-021,
FS22-172-003-AA/FS28-256-012, FS22-172-003-AA/
FS28-256-023, FS22-172-003-AA/FS28-256-024, FS22-
172-003-AA/FS28-256-026, FS22-172-003-AA/FS28-256-
027, FS22-172-003-AA/FS28-256-001, FS22-172-003-AA/
FS28-256-005, FS22-172-003-AA/FS28-256-014, FS22-
172-003-AA/FS28-256-018, FS22-172-003-AA/FS28-256,
FS22-172-003-AA/FS28-024-051, FS22-172-003-AA/
FS28-024-053, and FS22-172-003-AA/FS28-024, is set
forth in SEQ ID NOs: 91, 86, 122, 117, 122, 90, 90, 91, 122,
90, 117, 117, 117, 86, 86 and 86, respectively.

Where the nucleic acid encodes the heavy and light chain,
of an antibody molecule of the invention, the two domains
or chains may be encoded on two separate nucleic acid
molecules.

An isolated nucleic acid molecule may be used to express
an antibody molecule of the invention. The nucleic acid will
generally be provided in the form of a recombinant vector
for expression. Another aspect of the invention thus provides
a vector comprising a nucleic acid as described above.
Suitable vectors can be chosen or constructed, containing
appropriate regulatory sequences, including promoter
sequences, terminator  fragments, polyadenylation
sequences, enhancer sequences, marker genes and other
sequences as appropriate. Preferably, the vector contains
appropriate regulatory sequences to drive the expression of
the nucleic acid in a host cell. Vectors may be plasmids, viral
e.g. phage, or phagemid, as appropriate.

A nucleic acid molecule or vector as described herein may
be introduced into a host cell. Techniques for the introduc-
tion of nucleic acid or vectors into host cells are well
established in the art and any suitable technique may be
employed. A range of host cells suitable for the production



US 12,319,739 B2

33

of recombinant antibody molecules are known in the art, and
include bacterial, yeast, insect or mammalian host cells. A
preferred host cell is a mammalian cell, such as a CHO, NSO,
or HEK cell, for example a HEK293 cell.

Another aspect of the invention provides a method of
producing an antibody molecule of the invention comprising
expressing a nucleic acid encoding the antibody molecule in
a host cell and optionally isolating and/or purifying the
antibody molecule thus produced. Methods for culturing
host cells are well-known in the art. The method may further
comprise isolating and/or purifying the antibody molecule.
Techniques for the purification of recombinant antibody
molecules are well-known in the art and include, for
example HPLC, FPLC or affinity chromatography, e.g. using
Protein A or Protein L. In some embodiments, purification
may be performed using an affinity tag on antibody mol-
ecule. The method may also comprise formulating the
antibody molecule into a pharmaceutical composition,
optionally with a pharmaceutically acceptable excipient or
other substance as described below.

As explained above, MSLN is expressed on the surface of
tumour cells and high expression levels of soluble MSLN
have been correlated with poor prognosis in several cancers.
Anti-MSLN antibodies have been investigated as anti-can-
cer therapeutics. These anti-MSLN antibodies either induce
direct cell killing through their ADCC activity or are used in
the form of ADCs.

The antibody molecules described herein are therefore
expected to find application in the treatment of cancer.
Related aspects of the invention thus provide:

(1) an antibody molecule described herein for use in a

method of treating cancer in an individual,

(ii) the use of an antibody molecule described herein in
the manufacture of a medicament for use in the treat-
ment of cancer in an individual; and,

(iv) a method of treating cancer in an individual, wherein
the method comprises administering to the individual a
therapeutically effective amount of an antibody mol-
ecule as described herein.

The individual may be a patient, preferably a human

patient.

The antibody molecules of the invention have been shown
to preferentially bind to MSLN present on the surface of a
cancer cell as compared to soluble MSLN. The cancer to be
treated using an antibody molecule of the invention there-
fore preferably expresses, or has been determined to express,
MSLN. More preferably, cells of the cancer to be treated
comprise, or have been determined to comprise, MSLN at
their cell surface, i.e. to comprise cell-surface bound MSLN.

The cancer preferably comprises, or has been determined
to comprise, tumour infiltrating lymphocytes (TILs) that
express CD137. Specifically, the TILs preferably comprise,
or have been determined to comprise, CD137 on their cell
surface.

Methods for determining the presence of an antigen on a
cell surface are known in the art and include, for example,
flow cytometry.

The cancer may be a primary or a secondary cancer. Thus,
an antibody molecule as described herein may be for use in
a method of treating cancer in an individual, wherein the
cancer is a primary tumour and/or a tumour metastasis.

The cancer to be treated using an antibody molecule of the
invention may be a solid cancer.

The cancer may be selected from the group consisting of:
mesothelioma, pancreatic cancer, ovarian cancer, lung can-
cer (such as small-cell lung cancer and non-small cell lung
cancer), oesophageal cancer, breast cancer, gastric cancer,
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cholangiocarcinoma, colon cancer, thymic carcinoma, endo-
metrial cancer, head and neck cancer, sarcoma (such as
biphasic synovial sarcoma, Kaposi’s sarcoma, osteogenic
sarcoma, rhabdomyosarcoma, or soft-tissue sarcoma), des-
moplastic small round cell tumours, leukaemia (such as
acute lymphocytic leukaemia, chronic lymphocytic leukae-
mia, acute granulocytic leukaemia, chronic granulocytic
leukaemia, hairy cell leukaemia, or myeloid leukaemia),
adrenal cortex cancer, bladder cancer, brain cancer, cervical
cancer, cervical hyperplasia, testicular choriocarcinoma,
essential thrombocytosis, genitourinary carcinoma, glioma,
glioblastoma, lymphoma (such as Hodgkin’s disease or
non-Hodgkin’s lymphoma), malignant carcinoid carcinoma,
malignant hypercalcemia, melanoma (also referred to as
malignant melanoma), malignant pancreatic insulinoma,
medullary thyroid carcinoma, multiple myeloma, mycosis
fungoides, neuroblastoma, polycythemia vera, primary brain
carcinoma, primary macroglobulinemia, prostate cancer,
renal cell cancer, skin cancer, squamous cell cancer, stomach
cancer, testicular cancer, thyroid cancer, and Wilms’ tumor.

Preferably, the cancer is selected from the group consist-
ing of: mesothelioma, pancreatic cancer, ovarian cancer,
lung cancer, oesophageal cancer, breast cancer, gastric can-
cer, cholangiocarcinoma, colon cancer, thymic carcinoma,
endometrial cancer, head and neck cancer, biphasic synovial
sarcomas, and desmoplastic small round cell tumours.

More preferably, the cancer is selected from the group
consisting of: mesothelioma, pancreatic cancer, ovarian can-
cer, and lung cancer.

Cancer is characterised by the abnormal proliferation of
malignant cancer cells. Where a particular type of cancer,
such as breast cancer, is referred to, this refers to an
abnormal proliferation of malignant cells of the relevant
tissue, such as breast tissue. A secondary cancer which is
located in the breast but is the result of abnormal prolifera-
tion of malignant cells of another tissue, such as ovarian
tissue, is not a breast cancer as referred to herein but an
ovarian cancer.

In the context of cancer, treatment may include inhibiting
cancer growth, including complete cancer remission, and/or
inhibiting cancer metastasis, as well as inhibiting cancer
recurrence. Cancer growth generally refers to any one of a
number of indices that indicate change within the cancer to
a more developed form. Thus, indices for measuring an
inhibition of cancer growth include a decrease in cancer cell
survival, a decrease in tumour volume or morphology (for
example, as determined using computed tomographic (CT),
sonography, or other imaging method), a delayed tumour
growth, a destruction of tumour vasculature, improved per-
formance in delayed hypersensitivity skin test, an increase in
the activity of anti-cancer immune cells or other anti-cancer
immune responses, and a decrease in levels of tumour-
specific antigens. Activating or enhancing immune
responses to cancerous tumours in an individual may
improve the capacity of the individual to resist cancer
growth, in particular growth of a cancer already present in
the subject and/or decrease the propensity for cancer growth
in the individual.

Whilst an antibody molecule may be administered alone,
antibody molecules will usually be administered in the form
of a pharmaceutical composition, which may comprise at
least one component in addition to the antibody molecule.
Another aspect of the invention therefore provides a phar-
maceutical composition comprising an antibody molecule as
described herein. A method comprising formulating an anti-
body molecule into a pharmaceutical composition is also
provided.
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Pharmaceutical compositions may comprise, in addition
to the antibody molecule, a pharmaceutically acceptable
excipient, carrier, buffer, stabilizer or other materials well
known to those skilled in the art. The term “pharmaceuti-
cally acceptable” as used herein pertains to compounds,
materials, compositions, and/or dosage forms which are,
within the scope of sound medical judgement, suitable for
use in contact with the tissues of a subject (e.g., human)
without excessive toxicity, irritation, allergic response, or
other problem or complication, commensurate with a rea-
sonable benefit/risk ratio. Each carrier, excipient, etc. must
also be “acceptable” in the sense of being compatible with
the other ingredients of the formulation. The precise nature
of the carrier or other material will depend on the route of
administration, which may be by infusion, injection or any
other suitable route, as discussed below.

For parenteral, for example subcutaneous or intravenous
administration, e.g. by injection, the pharmaceutical com-
position comprising the antibody molecule may be in the
form of a parenterally acceptable aqueous solution which is
pyrogen-free and has suitable pH, isotonicity and stability.
Those of relevant skill in the art are well able to prepare
suitable solutions using, for example, isotonic vehicles, such
as Sodium Chloride Injection, Ringer’s Injection, Lactated
Ringer’s Injection. Preservatives, stabilizers, buffers, anti-
oxidants and/or other additives may be employed as required
including buffers such as phosphate, citrate and other
organic acids; antioxidants, such as ascorbic acid and
methionine; preservatives (such as octadecyldimethylbenzyl
ammonium chloride; hexamethonium chloride; benzalko-
nium chloride; benzethonium chloride; phenol, butyl or
benzyl alcohol; alkyl parabens, such as methyl or propyl
paraben; catechol; resorcinol; cyclohexanol; 3'-pentanol;
and m-cresol); low molecular weight polypeptides; proteins,
such as serum albumin, gelatin or immunoglobulins; hydro-
philic polymers, such as polyvinylpyrrolidone; amino acids,
such as glycine, glutamine, asparagines, histidine, arginine,
or lysine; monosaccharides, disaccharides and other carbo-
hydrates including glucose, mannose or dextrins; chelating
agents, such as EDTA; sugars, such as sucrose, mannitol,
trehalose or sorbitol; salt-forming counter-ions, such as
sodium; metal complexes (e.g. Zn-protein complexes); and/
or non-ionic surfactants, such as TWEEN™, PLURON-
ICS™ or polyethylene glycol (PEG).

In some embodiments, antibody molecules may be pro-
vided in a lyophilised form for reconstitution prior to
administration. For example, lyophilised antibody mol-
ecules may be re-constituted in sterile water and mixed with
saline prior to administration to an individual.

Administration may be in a “therapeutically effective
amount”, this being sufficient to show benefit to an indi-
vidual. The actual amount administered, and rate and time-
course of administration, will depend on the nature and
severity of what is being treated, the particular individual
being treated, the clinical condition of the individual, the
cause of the disorder, the site of delivery of the composition,
the type of antibody molecule, the method of administration,
the scheduling of administration and other factors known to
medical practitioners. Prescription of treatment, e.g. deci-
sions on dosage etc., is within the responsibility of general
practitioners and other medical doctors, and may depend on
the severity of the symptoms and/or progression of a disease
being treated. Appropriate doses of antibody molecules are
well known in the art (Ledermann et al., 1991; Bagshawe et
al.,, 1991). Specific dosages indicated herein, or in the
Physician’s Desk Reference (2003) as appropriate for an
antibody molecule being administered, may be used. A
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therapeutically effective amount or suitable dose of an
antibody molecule can be determined by comparing in vitro
activity and in vivo activity in an animal model. Methods for
extrapolation of effective dosages in mice and other test
animals to humans are known. The precise dose will depend
upon a number of factors, including whether the size and
location of the area to be treated, and the precise nature of
the antibody molecule.

A typical antibody dose is in the range 100 pg to 1 g for
systemic applications, and 1 pug to 1 mg for topical appli-
cations. An initial higher loading dose, followed by one or
more lower doses, may be administered. This is a dose for
a single treatment of an adult individual, which may be
proportionally adjusted for children and infants, and also
adjusted for other antibody formats in proportion to molecu-
lar weight.

Treatments may be repeated at daily, twice-weekly,
weekly or monthly intervals, at the discretion of the physi-
cian. The treatment schedule for an individual may be
dependent on the pharmocokinetic and pharmacodynamic
properties of the antibody composition, the route of admin-
istration and the nature of the condition being treated.

Treatment may be periodic, and the period between
administrations may be about two weeks or more, e.g. about
three weeks or more, about four weeks or more, about once
a month or more, about five weeks or more, or about six
weeks or more. For example, treatment may be every two to
four weeks or every four to eight weeks. Suitable formula-
tions and routes of administration are described above.

In the context of cancer treatment, an antibody molecule
as described herein may be administered to an individual in
combination with another anti-cancer therapy or therapeutic
agent, such as an anti-cancer therapy or therapeutic agent
which has been shown to be suitable, or is expected to be
suitable, for the treatment of the cancer in question. For
example, the antibody molecule may be administered to the
individual in combination with a chemotherapeutic agent,
radiotherapy, an immunotherapeutic agent, an anti-tumour
vaccine, an oncolytic virus, an adoptive cell transfer (ACT)
therapy (such as adoptive NK cell therapy or therapy with
chimeric antigen receptor (CAR) T-cells, autologous tumour
infiltrating lymphocytes (T1Ls), or gamma/delta T cells, or
an agent for hormone therapy.

Without wishing to be bound by theory, it is thought that
the antibody molecule as described herein, wherein the
antibody molecules comprises a second antigen-binding site
for an immune cell antigen, such as a TNFRSF receptor, may
act as an adjuvant in anti-cancer therapy. Specifically, it is
thought that administration of the antibody molecule to an in
individual in combination with chemotherapy and/or radio-
therapy, or in combination with an anti-tumour vaccine, for
example, will trigger a greater immune response against the
cancer than is achieved with chemotherapy and/or radio-
therapy, or with an anti-tumour vaccine, alone.

One or more chemotherapeutic agents for administration
in combination with an antibody molecule as described
herein may be selected from the group consisting of: tax-
anes, cytotoxic antibiotics, tyrosine kinase inhibitors, PARP
inhibitors, B-Raf enzyme inhibitors, MEK inhibitors,
¢-MET inhibitors, VEGFR inhibitors, PDGFR inhibitors,
alkylating agents, platinum analogues, nucleoside ana-
logues, antifolates, thalidomide derivatives, antineoplastic
chemotherapeutic agents and others. Taxanes include doc-
etaxel, paclitaxel and nab-paclitaxel; cytotoxic antibiotics
include actinomycin, bleomycin, and anthracyclines such as
doxorubicin, mitoxantrone and valrubicin; tyrosine kinase
inhibitors include erlotinib, gefitinib, axitinib, PL.X3397,
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imatinib, cobemitinib and trametinib; PARP inhibitors
include piraparib; B-Raf enzyme inhibitors include vemu-
rafenib and dabrafenib; alkylating agents include dacarba-
zine, cyclophosphamide and temozolomide; platinum ana-
logues include carboplatin, cisplatin and oxaliplatin;
nucleoside analogues include azacitidine, capecitabine, flu-
darabine, fluorouracil and gemcitabine; antifolates include
methotrexate and pemetrexed. Other chemotherapeutic
agents suitable for use in the present invention include
defactinib, entinostat, eribulin, irinotecan and vinblastine.

Preferred therapeutic agents for administration with an
antibody molecule as described herein are pentostatin,
cyclophosphamide, cis-platin, pemetrexed, paclitaxel, car-
boplatin, gemcitabine, doxorubicin, vinorelbine, docetaxel,
or etoposide

A radiotherapy for administration in combination with an
antibody molecule as described herein may be external beam
radiotherapy (such as intensity-modulated radiotherapy
(IMRT), stereotactic body radiotherapy (SBRT), image-
guided radiotherapy (IGRT), intra-operative radiotherapy
(IORT), electron therapy or electron beam therapy (EBT),
superficial radiotherapy (SRT)), or internal radiotherapy
(such as brachytherapy, radioisotope or radionuclide
therapy, SIRT. Preferably, the radiotherapy is conventional
external beam radiotherapy, external beam radiation therapy
(EBRT), stereotactic radiotherapy, or brachytherapy

An immunotherapeutic agent for administration in com-
bination with an antibody molecule as described herein may
be a therapeutic antibody molecule, nucleic acid, cytokine,
or cytokine-based therapy. For example, the therapeutic
antibody molecule may bind to an immune regulatory mol-
ecule, e.g. an inhibitory checkpoint molecule or an immune
costimulatory molecule, a receptor of the innate immune
system, or a tumour antigen, e.g. a cell surface tumour
antigen or a soluble tumour antigen. Examples of immune
regulatory molecules to which the therapeutic antibody
molecule may bind include inhibitory checkpoint molecules,
such as CTLA-4, LAG-3, TIGIT, TIM-3, VISTA, PD-LI,
PD-1, or KIR, immune costimulatory molecules, such as
0X40, CD40, GITR, CD27, or ICOS, other immune regu-
latory molecules such as CD47, CD73, CSF-1R, HVEM,
TGFB, or CSF-1. Examples of receptors of the innate
immune system to which the therapeutic antibody molecule
may bind include TLR1, TLR2, TLR4, TLRS5, TLR7, TLR9Y,
RIG-1-like receptors (e.g. RIG-1 and MDA-5), and STING.

The nucleic acid for administration in combination with
an antibody molecule as described herein may be an siRNA.

The cytokines or cytokine-based therapy may be selected
from the group consisting of: 1L.-2, prodrug of conjugated
1IL-2, GM-CSF, IL-7, IL-12, IL-9, IL-15, IL-18, IL-21, and
type I interferon.

Anti-tumour vaccines for the treatment of cancer have
both been implemented in the clinic and discussed in detail
within scientific literature (such as Rosenberg, S. 2000).
This mainly involves strategies to prompt the immune
system to respond to various cellular markers expressed by
autologous or allogenic cancer cells by using those cells as
a vaccination method, both with or without granulocyte-
macrophage colony-stimulating factor (GM-CSF). GM-CSF
provokes a strong response in antigen presentation and
works particularly well when employed with said strategies.

The chemotherapeutic agent, radiotherapy, immunothera-
peutic agent, anti-tumour vaccine, oncolytic virus, ACT
therapy, or agent for hormone therapy is preferably a che-
motherapeutic agent, radiotherapy, immunotherapeutic
agent, anti-tumour vaccine, oncolytic virus, ACT therapy, or
agent for hormone therapy for the cancer in question, i.e. a
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chemotherapeutic agent, radiotherapy, immunotherapeutic
agent, anti-tumour vaccine, oncolytic virus, ACT therapy, or
agent for hormone therapy which has been shown to be
effective in the treatment of the cancer in question. The
selection of a suitable chemotherapeutic agent, radiotherapy,
immunotherapeutic agent, anti-tumour vaccine, oncolytic
virus, ACT therapy, or agent for hormone therapy which has
been shown to be effective for the cancer in question is well
within the capabilities of the skilled practitioner.

Further aspects and embodiments of the invention will be
apparent to those skilled in the art given the present disclo-
sure including the following experimental exemplification.

All documents mentioned in this specification are incor-
porated herein by reference in their entirety.

“and/or” where used herein is to be taken as specific
disclosure of each of the two specified features or compo-
nents with or without the other. For example “A and/or B”
is to be taken as specific disclosure of each of (i) A, (i) B
and (iii) A and B, just as if each is set out individually herein.

Unless context dictates otherwise, the descriptions and
definitions of the features set out above are not limited to any
particular aspect or embodiment of the invention and apply
equally to all aspects and embodiments which are described.

Other aspects and embodiments of the invention provide
the aspects and embodiments described above with the term
“comprising” replaced by the term “consisting of” or “con-
sisting essentially of”, unless the context dictates otherwise.

Certain aspects and embodiments of the invention will
now be illustrated by way of example and with reference to
the figures described above.

EXAMPLES
Example 1: Antigen Selection and Characterisation

The selection and screening methods used to identify
mAb? that are capable of binding MSLN and CD137 and
result in CD137 agonism required the use of various MSLN
and CD137 antigens. The production of these antigens is
described in more detail below.

1.1 Recombinant CD137 Antigens

Tumour necrosis factor receptor superfamily (TNFRSF)
members, such as CD137, are known for their tendency to
form multimers which cluster together when bound to their
cognate ligands (Croft, M. 2003). This propensity to aggre-
gate for their functionality makes it challenging to produce
soluble recombinant proteins that do not aggregate in solu-
tion for use in in vitro selections such as phage and yeast
display and for characterisation of selected proteins.

As the majority of commercially available antigens were
deemed unsuitable, the following recombinant dimeric and
monomeric CD137 antigens (see Table 1), were produced
in-house for use in selections:

TABLE 1

CD137 Antigens

Soluble  Bio- Antigen
Type Designation Species or cell tinylated Format
Recombinant mCD137-mFc-Avi Mouse Soluble  Yes Dimer
Recombinant mCD137-Avi-His Mouse Soluble  Yes Monomer
Recombinant hCD137-mFc-Avi Human Soluble  Yes Dimer
Recombinant hCD137-Avi-His Human Soluble  Yes Monomer
Recombinant ¢CD137-mFc-Avi Cyno  Soluble  Yes Dimer
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Monomeric antigens were produced by cloning DNA
encoding the extracellular domain of the human (as indi-
cated in SEQ ID NO: 149) or mouse CD137 (as indicated in
SEQ ID NO:150) along with an Avi tag sequence and six
C-terminal histidine residues into modified pFUSE vectors
(InvivoGen, pfuse-mlgG2A-Fc2) using EcoRI-HF and
BamHI-HF restriction enzymes. The vectors were trans-
fected into HEK293-6E cells (National Research Council of
Canada), and expressed CD137 was purified using His-
Trap™ excel nickel column (GE Healthcare Life Sciences
29048586) and size-exclusion chromatography (SEC) to
ensure antigen was a single species and did not contain
aggregates.

To produce the dimeric antigens, DNA constructs encod-
ing the extracellular domain of the human, mouse or cyno-
molgus CD137 fused with the mlgG2a Fc domain along
with an Avi tag sequence were cloned into modified pFUSE
vectors and transfected into HEK293-6E cells. Recombinant
CD137 was purified using MabSelect SuRe™ protein A
column (GE Healthcare Life Sciences, 11003494 and size-
exclusion chromatography (SEC) to ensure antigen was a
single species and did not contain aggregates.

Each of the dimeric and monomeric antigens were bioti-
nylated using a BirA biotin-protein ligase reaction kit (Avid-
ity LLC, BirA500) to produce monomeric CD137 antigens
labelled with a single biotin molecule and dimeric CD137
antigens labelled with two biotin molecules, one per each of
the two monomers. 3 mg of antigen was mixed with 7.8 ul
BirA enzyme mix to a molar ratio of enzyme to substrate of
1:50. Additives were then added in accordance with the
manufacturer’s recommendations (142 pl Biomix A, 142 ul
Biomix B, 142 ul Biotin) and the reaction mix was incubated
for two hours at room temperature. To maintain the integrity
of the biotinylated protein, the reaction mix was immedi-
ately buffer exchanged to DPBS (ThermoFisher Scientific
14190-169) using Amicon 30 pm filters (Merck,
UFC503096).

Proteins were further purified by SEC to ensure removal
of the BirA enzyme and production of a final high-quality
monodispersed protein preparation with no high molecular
weight aggregates. Materials were analysed for stability and
purity by size-exclusion high-performance liquid chroma-
tography (SE-HPLC), SDS polyacrylamide gel electropho-
resis (SDS-PAGE), and size-exclusion chromatography with
multi-angle light scattering (SEC-MALS). Complete bioti-
nylation of the proteins was confirmed in a streptavidin-
shifting SDS-PAGE gel. The recombinant human and mouse
antigens were confirmed to bind anti-CD137 positive-con-
trol antibodies (20H4.9 (U.S. Pat. No. 7,288,638)) and
Lob12.3 (University of Southampton), respectively) in vitro
by surface-plasmon resonance (SPR) and to DO11.10 cells
expressing human and mouse CD137 ligand by flow cytom-
etry. Cells were incubated with the CD137 antigens for 1
hour, and then a fluorescently labelled anti mouse Fc frag-
ment antibody was used to detect cell binding. To ensure as
high a purity as possible for the materials used in selection
protocols, thorough protein characterisation of the antigens
was performed to ensure the presence of protein aggregates
did not exceed 2%.

1.2 Cell-Expressed CD137 Antigens

DO11.10 cells (National Jewish Health) expressing full-
length mouse (SEQ ID NO: 374) or human CD137 (SEQ ID
NO: 373), designated ‘DO11.10mCD137° and
‘DO11.10.hCD137’ respectively, were produced in order to
present the antigen in a membrane-bound conformation,
most similar to its natural form, for selections and further
characterisation of selected Fcabs, as listed in Table 2.
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Lentiviral transduction was used to generate these
DO11.10 cells over-expressing human or mouse CD137
receptors using the Lenti-X HTX Packaging System (Clon-
tech, catalogue no. 631249). Lenti-X expression vector
(pLVX) (Clontech, catalogue no. 631253) containing the
human CD137 ¢cDNA or mouse CD137 c¢cDNA (was co-
transfected with a Lenti-X HTX Packaging Mix into the
Lenti-X 293T Cell Line (Clontech, catalogue no. 632180) to
generate virus. The DO11.10 cell line was then transduced
with these lentiviral vectors.

Expression of human CD137 or mouse CD137 on these
cells was confirmed by binding of 20H4.9 and Lobl12.3
anti-CD137 positive control antibodies, respectively, to the
cells by flow cytometry. Cells were incubated with the
human or mouse positive control antibodies for 1 hour and
then a fluorescently-labelled anti-human Fc detection anti-
body (Stratech Scientific Ltd, catalogue no. 109-546-098-
JIR) was used to detect cell binding.

TABLE 2

Cell-expressed CD137

42Type Designation Species Presentation
Cell DO11.10.hCD137 Human Cell-expressed
Cell DO11.10.mCD137 Mouse Cell-expressed

1.3 Human, Cyno and Mouse Mesothelin Antigens

Recombinant biotinylated human MSLN-His antigen,
designated ThMSLN-His Acro’, was obtained from Acrobio-
systems (cat no MSN-H8223) which lacks the C-terminal 18
amino acids. Full-length monomeric human MSLN antigen
was generated and biotinylated in house for phage selec-
tions. Cynomolgus and mouse MSLN were produced to
allow the isolation of binders that were capable of binding
to human as well as cyno MSLN, and also for the isolation
of murine MSLN binders respectively.

Briefly, MSLN antigens were produced by cloning DNA
encoding full length human (SEQ ID NO: 142)(hMSLN-
His-Avi), cynomolgus (SEQ ID NO:143)(cMSLN-His-Avi)
or mouse (SEQ ID NO:144) (mMSLN-His-Avi) MSLN
along with six C-terminal histidine residues and an Avi tag
sequence into modified pFUSE vectors (InvivoGen, pfuse-
mlgG2A-Fc2) using EcoRI-HF and BamHI-HF restriction
enzymes. The vectors were transfected into HEK293-6E
cells (National Research Council of Canada), and expressed
MSLN was purified using HisTrap™ excel nickel column
(GE Healthcare Life Sciences 29048586). Each of the anti-
gens was biotinylated using a BirA biotin-protein ligase
reaction kit (Avidity LL.C, BirA500) to produce monomeric
MSLN antigens labelled with a single biotin molecule.

Recombinant human, cyno or mouse MSLN was subse-
quently purified using HisTrap™ excel nickel column to
remove excess free biotin.

SEC-HPLC of these antigens showed less than 10%
aggregation and PAGE verified that the antigens were mono-
meric. ELISA and surface plasmon resonance (SPR) were
used to confirm that the biotinylated MSLN antigens could
be bound by MSLN-specific positive control antibodies SS1
(VH SEQ NO: 140; VL SEQ ID NO: 141) containing the
same CDRs as SS1 scFv U.S. Pat. No. 7,081,518 B1; Hassan
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et al. 2002) and MOR6626 (Patent Publication No. WO
2009/068204 Al). Based on this data all antigens were
deemed suitable for naive selections

Example 2: Selection and Characterisation of
Anti-Human CD137 Fcabs

2.1 Naive Selection of Anti-Human CD137 Fcabs

In order to select Fcabs that bind to human CD137, yeast
and phage display selection campaigns were employed, to
maximise the diversity of Fcabs identified. Both cell surface
displayed human CD137 and recombinant dimeric human
CD137 and were used to provide a variety of antigen
presentations, in order to exert avidity-driven selection pres-
sure against dimeric or multimeric CD137 proteins. Obtain-
ing an Fcab which bound avidly to CD137 complexes rather
than with high affinity to monomeric CD137 was deemed
beneficial because such Fcab would preferentially target
activated and primed T cells only, where upregulation of
CD137 occurs after T cell stimulation. Without wishing to be
bound by theory, it was hypothesised that T cells with very
low or negligible levels of CD137 membrane expression
would be more likely to have CD137 in monomeric state,
unlike activated T cells with highly upregulated CD137
where most of the protein would be in dimeric, trimeric, or
higher multimeric states. As a result of the avidity-driven
selections, the Fcab would preferentially bind activated T
cells and not bind well to naive T cells or other cells that
present lower expression of CD137. By selecting an avid
CD137 Fcab potential off-targeted T cell activation would be
reduced, with associated reduced toxicity.

Naive yeast libraries displaying CH1 to CH3 domains of
human IgG1 were used for selection by yeast display. All
libraries contained randomised AB loops (comprising resi-
dues at positions 14 to 18 according to IMGT numbering)
and randomised EF loops (comprising residues at positions
92 to 101 according to IMGT numbering) in the CH3
domain. Two of the libraries further contained an insertion
of five amino acid residues at position 16 in the AB loop of
the CH3 domain (residues at positions 16.5 to 16.1 accord-
ing to IMGT numbering).

Yeast single clones identified from library selections were
screened for antigen binding using a flow cytometry antigen
binding assay that involved incubating the cells with bioti-
nylated recombinant dimeric human antigen or mouse Fc
fragment to discriminate against yeast clones binding to the
Fc portion of the recombinant hCD137 antigen. Selections
were repeated with varying antigen concentrations and con-
ditions, such as increasing induction temperature, decreas-
ing the selection stringency or reducing the number of
rounds in order to increase the number of hits. 9 Fcab clones
having unique sequences were identified.

2.2 Preparation of Anti-Human CD137 Fcabs in “Mock”
mAb? Format

“Mock” mAb? antibodies consisting of IgG1 molecules
comprising 85 anti-human CD137 Fcab clones were pro-
duced to allow characterisation of the Fcabs in a mAb*
format. The mock mAb? were prepared by substituting part
of the CH3 domain Fcabs comprising the AB, CD and EF
loops, for the corresponding region of the CH3 domain of
the anti-hen egg lysozyme antibody HelD1.3. Generation of
the HelD1.3 antibody is described in Tello et al. 1993. The
heavy and light chain sequences of antibody HelD1.3 are
shown in SEQ ID 138 and 139, respectively. The mock
mAb? molecules were produced by transient expression in
HEK293-6E cells. and purified by protein A affinity chro-
matography using mAb SelectSure columns. These mAb?
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were then tested for binding to human recombinant antigen
(biotinylated hCD137-mFc-Avi) by biolayer interferometry
(BLD).

2.3 Activity of Selected Anti-CD137 Mock mAb? in a
Human NF-kB Reporter Assay

Multimerisation and clustering is required for TNFR
signalling (Bitra et al., 2017). CD137 clusters and activates
the NF-kB signalling pathway when it interacts with its
cognate ligand, CD137L. Agonist molecules mimic the
ligand in driving clustering and activation of CDI137,
thereby activating the NF-kB signalling pathway. It is
known that some agonistic antibodies can inherently cause
CD137 clustering upon binding for example, urelumab
whereas as others require additional crosslinking of the
antibody itself to induce CD137 clustering, such as utomi-
lumab (Fisher et al., 2012). Fc gamma receptors on effector
cells are known to induce such crosslinking in vivo, though
this is inefficient and may occur away from the site of
therapeutic interest. Since dose limiting toxicities have been
associated with urelumab but not utolimumab, it was
decided to select for anti-CD137 binding Fcabs which did
not have the ability to inherently agonise, but to select only
those that required additional crosslinking in order to induce
CD137 clustering. Therefore, an assay that can detect the
activation of the NF-kB signalling pathway in a cell upon
clustering of CD137 expressed on the cell surface by cross-
linked antibodies, but that showed little activity when the
antibodies were not crosslinked, was developed. This assay
was then used to test the agonistic functional activity of
anti-CD137 Fcab clones mAb®> format, irrespective of
whether the Fcabs were found to bind recombinant antigen
by BLI or not. Protein L. was used as a crosslinking agent to
drive cross linking of the mock mAb? via the Fab portions
in the assay and NF-kB activation was measured.

HEK.FRT.luc.hCD137 cells were produced by subcloning
the cDNA sequence encoding human CD137 sequence (SEQ
ID 149 into pMSCV-neomycin vector (Takara Clontech,
Cat. 634401) using EcoRI-HF and Xhol restriction enzymes.
RetroPack PT67 cell line (Clontech, Cat. 631510) was used
to produce retroviral particles following the manufacturer’s
protocol. This retro virus was subsequently used to trans-
duce HEK.FRT luc cells that were previously generated by
transducing a Flp-In T-REx 293 HEK cell line (Life Tech-
nologies, R780-07) with Qiagen Cignal Lenti NFkB
Reporter (luc) (Qiagen, cat no 336851) lentivirus containing
a NF-kB-sensitive promoter controlling the expression of
luciferase. These HEK.FRT.luc. hCD137 cells were used to
screen the mock mAb? containing the CD137 binders iden-
tified in selections.

A 2 pM dilution of each mock mAb? was prepared in
DPBS (Life Technologies, 14190169) and further diluted 1:3
in reporter cell medium (DMEM (Gibco, Cat. 61965-026);
10% FCS (Gibco, Cat. 10270-106); 1x PennStrep (Gibco,
Cat. 15140-122); Blasticidin 15 pg/ml (Melford Laborato-
ries Ltd. Cat. B1105); Puromycin 5 pg/ml (Life technolo-
gies, Cat. A11113803); Zeocin 100 pg/ml (InvivoGen, Cat.
11006-33-0); Geneticin 500 pg/ml (Life Technologies, Cat.
10131-027). Protein L (Life Technologies, 21189), was used
as an artificial crosslinking agent and was mixed with the
mAb® molecules in a 1:4 molar ratio. After a 24-hour
incubation, cells were treated with 100 pl Promega Bio-
Glo™ luciferase assay reagent (Promega cat no G7941)
according to manufacturer’s instructions and luminescence
was measured with an integration time of 0.5 seconds on a
plate reader with the Gen5 Software, BioTek. Luminescence
values are a measure of the luciferase produced in response
to the activation of the NF-kB signalling pathway by the
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clustering of CD137 induced by crosslinked Fcabs. The
luminescence values were plotted versus the log concentra-
tion of Fcab and the resulting curves were fitted using the log
(agonist) vs response equation in GraphPad Prism.

Hits were identified by having at least a 10-fold increase
in luciferase signal when crosslinked with protein L as
compared to when not crosslinked as these clones were
determined to be capable of inducing CD137 clustering and
subsequent activation of downstream signalling pathways.
Of all clones tested, two were able to induce this 10-fold
increase in luciferase on crosslinking, including FS22-172,
though an EC50 could not be determined for either. Both
were selected for further characterisation in a DO11.10 T
cell activation assay. Surprisingly, activity was not observed
for the remaining clones in crosslinked conditions despite
binding to CD137 target by BLI, perhaps indicating they
were binding at an irrelevant epitope on CD137, or that the
affinity of such clones was not sufficient to bind CD137
strongly enough to initiate the NF-kB signalling cascade.

Overall, two Fcabs (including FS22-172) were identified
from the naive selections which exhibited the desired func-
tion in the NF-kB reporter assay when crosslinked and had
little activity when not cross-linked.

Example 3: Affinity Maturation of the Anti-Human
CD137 Fcab and Subsequent Characterisation

3.1 Affinity Maturation of FS22-172

Four yeast displayed libraries were constructed from the
FS22-172 Fcab clone. Seven residues (at positions 15-16.1
according to IMGT) were randomised using ELLA primers
in the AB loop of the CH3 domain of each clone to make
library FS22-172 AB. Five residues (at positions 92-94 and
97-98 according to IMGT) were randomised using ELLA
primers in the EF loop of the CH3 domain resulting in
library FS22-172 EF.

For libraries FS22-172 AB and FS22-172 EF, three or four
selection rounds were performed on the yeast libraries to
select for affinity matured clones using either dimeric
hCD137-mFc-Avi antigen or monomeric hCD137-Avi-His
antigen. Monomeric antigen was alternated with dimeric
antigens to ensure clones retained affinity to the antigen and
did not bind exclusively through avidity. The use of mono-
meric or dimeric antigen, as well as the concentration used
was determined empirically during each round by flow
cytometry, determined by whether enrichment against the
monomeric or dimeric antigen was observed in the previous
round. Whenever possible, a sorting gate above the parental
was used to isolate affinity matured clones compared to the
parental molecule. Selection pressure was increased up to 1
nM of dimeric antigen. During each selection round, indi-
vidual clones were spotted on agar plates to assess the
progress of the selection. Each clone was grown and induced
individually and next its binding and structural parameters
were determined by flow cytometry using biotinylated
dimeric antigen as well as anti-CH2 structural markers as
described earlier. This screening cascade was followed to
allow the determination of selection success based on a
sample of clones from the selection output and to allow for
early screening of individual clones that could be subse-
quently produced as soluble proteins.

Yeast single clones were screened for binding to bioti-
nylated recombinant antigen in an antigen binding flow
cytometry as described earlier. 30 unique loop sequences
were isolated from the FS22-172 AB library. The FS22-172
EF library did not contain any clones which showed any
binding improvement over the parental clones.
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3.2 Construction of Anti-Human CD137 Fcabs in “Mock”
mAb? Format

“Mock” mAb® antibodies comprising the anti-human
CD137 Fcabs in HelD1.3 were prepared for further charac-
terisation of the affinity matured Fcabs in mAb® format.
These mAb?® were prepared as described in Example 2.2. The
CD137/HelD1.3 “mock” mAb* were produced by transient
expression in HEK293-6E cells and purified using mAb
Select SuRe protein A columns.

3.3 Activity of Human Fcabs in Mock mAb® Format in
Human NF-kB Reporter Cell Assay

The functional activity of the affinity-matured anti-human
CD137 Fcabs in mock mAb? (HelD1.3) format listed was
tested in the same NF-kB luciferase assay described in
Example 2.3. Luminescence was measured with an integra-
tion time of 0.5 seconds in a plate reader with the Gen5
Software, BioTek. As expected, none of the Fcabs showed
activity without Protein L crosslinking (-XL). All affinity
matured CD137 Fcabs showed a vast improvement over
parental CD137 Fcabs for which, while positive in this
assay, calculation of an EC;, value was not possible (see
Example 2.3). FS22-172-003 showed the best activity from
each family with the lowest EC,, (32.64 nM), when cross-
linked with Protein L (+XL).

3.4 Specificity Determination of Anti-Human CD137 Fcabs
by Surface Plasmon Resonance (SPR)

The specificity of the anti-human CD137 Fcabs for human
CD137 compared to other related TNFSFR family members
was tested. 8 of the Fcabs were tested in mock mAb?
(HelD1.3) format and measured by SPR in a Biacore T200
(GE Healthcare) by testing for binding to other human
TNFRSF receptors: CD40, OX40 and GITR. Amine cou-
pling (amine coupling kit, GE Healthcare, BR-1000-50) was
used to coat human CD40, GITR and OX40 to approxi-
mately 1000 RU in Biacore CMS5 chips (GE Healthcare, cat
no 29149603). Dilutions of anti-human CD137 Fcab in
mock mAb? format (FS22-172-003/HelD1.3) starting at 1
uM were prepared in HBS-EP+ buffer (BR100669) and
injected for 3 min at 30 ul/min and then allowed to dissociate
in buffer for 4 min. The chip was regenerated by injection of
10 mM glycine pH 2.5 for 12 s at 30 pl/min. Antibodies
specific to the different TNFRSF members were used as
positive controls to veritfy Biacore chip coating. Data was
double reference subtracted and analysed using BIAevalu-
ation 3.2 software. The Fcabs did not bind to any of the
TNFRSF receptors tested, demonstrating their specificity for
CD137. As a result, it is not expected that the Fcabs, or
mAb? comprising the antigen-binding sites from these
Fcabs, will elicit binding to anything other than CD137.
3.5 Binding Affinity of Anti-Human CD137 Fcabs in Mock
mAb? Format for Human, Cynomolgus and Mouse CD137
by SPR

The affinity of the anti-human CD137 Fcabs in a mock
mAb® format (see Example 3.2) for human, cynomolgus
(cyno) and mouse CD137 was measured by SPR, to deter-
mine whether the Fcabs may be useful for testing in animal
studies. An anti-human Fab capture antibody was immobi-
lised on all four flow cells of a CMS5 series S chip (GE
Healthcare #BR-1005-30) to an average surface density of
6000 RU following the manufacturer’s recommendations
(GE Healthcare, human Fab capture Kit, #28958325).
Immobilization at 25° C. and 10 pl/min flow rate achieved
an average final response of 6000 RUs. Each mAb* was
captured to approximately 150 RU by injecting a 3 pg/ml
solution of mAb? diluted in HBS-EP+buffer (GE Healthcare
#BR1006-69) for 60 seconds at 30 ul/min. Then different
concentrations of human, cyno or mouse CD137 antigen
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(unbiotinylated human, cyno or mouse CD137-mFc-Avi or
human CD137-Avi-His) in HBS-EP+buffer were flowed
over the chip for 3 min at 60 pl/min and then allowed to
dissociate for 10 minutes. After each antigen concentration
the chip was regenerated by injecting 10 mM glycine pH 2.1
at a flow rate of 30 pul/min for 30 seconds. Buffer HBS-EP+
was injected before the highest concentration of antigen and
after the lowest concentration of antigen for reference sub-
traction, and one of the concentrations at random was
repeated twice. The binding kinetics were fit with a 1:1
Langmuir model to generate equilibrium binding constants
(K,) for each sample. Data analysis was performed with
BiaEvaluation software version 3.2. The results are shown in
Table 3.

Analysis of the results revealed an improved binding for
both human and cynomolgus CD137 by all affinity matured
clones, compared to the respective parent molecules. The
binding affinity for the monomeric human CD137 antigens
was weaker (by at least 100-fold) than for the dimeric human
and cyno Fc-fusion antigens. As discussed in Example 2.1,
the Fcabs were selected to preferentially bind to dimeric
over monomeric forms of CD137 and this data confirms that
the selection strategy was successful. This kinetic behaviour
makes them less likely to bind to monomeric CD137
expressed at minimal levels on unstimulated T cells to result
in reduced risk of liver or systemic toxicities associated with
some anti-CD137 monoclonal antibody therapies.

The data also shows that the anti-human CD137 Fcabs
bound to cynomolgus dimeric CD137 with comparable
affinity to human dimeric CD137.

TABLE 3
Kinetic analysis of CD137 Fcabs

Human  Cynomolgus  Human monomeric Mouse

dimeric dimeric CD137 K, fold  dimeric

CD137 CD137 K  difference relative to CD137

Fcab Ky M) (nM) human dimeric K, K (nM)
FS22-172 52 203 N/A N/A
FS22-172-003 1.5 1.3 >200-fold N/A

N/A-not applicable as low signal did not allow Kp determination

The ability of the Fcabs to bind to mouse dimeric CD137
was also tested. None of the clones showed strong binding
to the mouse antigen (as shown in Table 3 where N/A
indicates that no K, could be calculated).

3.6 Summary of Affinity Maturation and Characterisation of
Anti-Human CD137 Fcabs

In summary, affinity matured anti-CD137 Fcabs were
generated and prepared in a mAb? format, which were then
characterised. mAb? containing these CD137 antigen-bind-
ing domain in the CH3 domain showed high levels of
activity in a human NF-kB Reporter Cell assay and this
activity was shown to be crosslink dependent.

The mAb? containing the anti-human CD137 antigen-
binding domain were also shown to be specific for CD137
and did not bind to other TNFRSF receptors. The mAb* were
shown to preferentially bind human dimeric CD137 antigen
over human monomeric CD137 antigen. Finally, these mAb>
were shown to bind cynomolgus dimeric CD137 with com-
parable affinity to human dimeric CD137.

Having demonstrated that mAb? containing the anti-hu-
man CD137 antigen-binding domain require crosslinking in
order to cluster and activate CD137, the next aim was to
prepare a mAb? that binds human MSLN in addition to
CD137. It was hypothesised that binding of the mAb* to

15

20

25

30

35

40

50

55

60

65

46

human MSLN via the Fab arms would cause crosslinking of
the antibody molecules, which in turn leads to clustering and
activation of CD137 and that this activation would be
dependent on the presence of human MSLN expression.

In order to prepare mAb? that bind human MSLN in
addition to CD137, it was first necessary to generate mAbs
that were able to bind MSLN. The generation of these mAbs
is described below.

Example 4: Isolation of Anti-Human MSLN
Antibodies: Antigens, Selections and Screening

Mesothelin is a glycosylphosphatidylinositol (GPI)-
linked glycoprotein synthesized as a 69 kDa precursor and
proteolytically processed into a 30 kDa NH2-terminal
secreted form (referred to as megakaryocyte potentiating
factor or MPF) and a 40 kDa membrane-bound mesothelin
(MSLN). Soluble forms of MSLN, shed from the tumour
cell surface and generated by alternative splicing or tumour
necrosis factor-a converting enzymes (TACE) of the mem-
brane-bound MSLN, are found in patient serum. This
tumour-shed antigen is known to create a ‘sink” which can
act as a decoy for therapeutic antibodies (Lee et al., 2018)
such that this must be overcome to allow the antibodies to
bind to MSLN on the tumour. To avoid this sink effect, novel
anti-mesothelin antibodies that preferentially bound to
immobilised MSLN compared to soluble MSLN were
obtained, with the intention that this would translate to
preferential binding to membrane-bound MSLN over
soluble MSLN in the sink. To this end, different forms of
MSLN antigens were employed in phage selections and
subsequent screening campaigns. A panel of antibodies were
identified that bound to membrane-bound human and cyno
MSLN, with a variety of affinities, and that were able to
target different areas of MSLN. A set of screening assays
including ELISA, Biacore blocking assays and cell binding
were performed as well as assays in which the binding
regions to MSLN were compared.

4.1 Phagemid Library Selections

Synthetic naive phagemid libraries displaying the Fab
domain of human IgG1 germlines with randomisation in the
CDRI1, CDR2 and CDR3 (MSM Technologies) were used
for selections with the MSLN antigens described in Example
1.3.

Fab libraries were initially selected in multiple campaigns
each in three or four rounds using Streptavidin Dynabeads
(Thermo Fisher, 11205D), Neutravidin-binding protein
coupled to Dynabeads (Thermo Fisher, 31000) or anti-His
Dynabeads (Thermo Fisher, 10103D) to isolate the phage
bound to biotinylated human, cyno or mouse MSLN-His-
Avi or hMSLN-His Acro. Selection campaigns were also
performed using full-length MSLN antigens produced in-
house in which human MSLN selection rounds were alter-
nated with cyno MSLN antigen with an aim to isolate human
and cyno cross-reactive clones. Selections for binders to
mouse MSLN (R&D mMSLN-His 8604-MS) were also
performed. Standard phage selection and phage recovery
procedures were used.

In an effort to obtain clones that bind to different regions
of MSLN antigen, an epitope masking strategy was adopted
using anti-MSLN antibodies from the initial selection cam-
paigns described above. Briefly, a first round of selection of
the naive Fab libraries was performed using biotinylated
human MSLN-His-Avi at 500 nM. In round 2 and 3 the
phage binding of biotinylated cyno MSLN-His-Avi at 500
nM (round 2) or 100 nM (round 3) was tested in the presence
of'a mixture of naive anti-mesothelin mAb proteins isolated
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from the initial selection campaign. These epitope masking
selections resulted in reduced output titers, indicating that
the selection strategy was working as fewer binders were
identified, and led to the identification of 3 additional clones
that target additional areas of MSLN compared to the clones
from the earlier selection campaign.
4.2 Screening to Identify Anti-MSLN Antibodies

About 2000 clones from round 3 and 4 outputs of all
selections were screened by phage ELISA for binding to 25
nM immobilised biotinylated hMSL.N-His Acro, full-length
biotinylated human or cyno MSLN-His-Avi, consistent with
the antigen used in the round of selections. Streptavidin
plates or plates immobilised with irrelevant biotinylated His
tagged antigens were included as negative controls. Clones
which had an MSLN binding signal at least 4-fold higher
than signal to negative controls were selected and their
variable regions sequenced, leading to the identification of
156 unique VH/VL sequence combinations, which were
subsequently selected for soluble expression. Clones were
chosen from all selection campaigns including epitope
masking selections. For each clone, the VH and VL were
individually cloned into pTTS expression vector (National
Research Council of Canada) containing either CH1, CH2
(with a LALA mutation in the CH2 domain (Bruhns et al.,
2009; Hezareh et al., 2001) and CH3 domain, or CL. domains
respectively. The resulting pTT5-FS28 VH with LALA
mutation (AA) and pTT5-FS28 VL vectors were transiently
cotransfected into HEK293-6E cells and the clones were
produced as complete IgGl molecules. Using the same
method, the VH and VL regions of SS1 and anti-hen egg
white lysozyme antibody HelD1.3 were cloned and
expressed in IgGl LALA format, yielding G1-AA/SS1
(SEQ ID No 140 (heavy chain) and 141 (light chain)) and
G1-AA/HelD1.3 (SEQ ID No 138 (heavy chain) and 139
(light chain)), to serve as positive and negative controls
respectively.
4.3 Screening for Binding to Recombinant MSLN
4.3.1 Binding ELISA

HEK293 supernatants containing soluble anti-MSLN
binding clones or purified clones were screened for binding
to human MSLN-His Acro, hMSLN-His-Avi and, for some
campaigns, cMSLN-His-Avi by ELISA. Briefly, hMSLN-
His Acro, hMSLN-His-Avi, cMSLN-His-Avi or an irrel-
evant His tagged antigen were coated on maxisorp plates at
25 nM overnight at 4° C. Next day, plates were blocked with
300 pl PBS containing 0.05% Tween20 and 2% Marvel milk
(Marvel dried milk). Anti-MSLN mAb containing superna-
tants or purified proteins were incubated for 1 hour at room
temperature and their binding was detected with a mouse
anti human Fc-IgG antibody conjugated to horse radish
peroxidase (HRP). Clones that showed binding to the irrel-
evant antigen or were not cross reactive to both the human
and cynomolgus antigens were discarded. In addition, clones
that bound to the truncated MSLN antigen, hMSLN-His
Acro, but not to the full length MSLN antigen, MSLN-His-
Avi, were not taken forward to as it was expected that the
full-length antigen would be more representative of antigen
conformation on the cell surface of MSLN-expressing cells.

To ensure that the antibodies had specificity for binding to
MSLN, the anti-MSLN binding clones were also tested for
differential binding to glycosylated and deglycosylated
MSLN. Biotinylated hMSLN-His-Avi was deglycosylated
using PNGase F enzyme (NEB, PO704L) for 24 hr at 37° C.,
purified using Amicon ultra centrifugal filters (Millipore,
UFC901024) and coated on maxisorp plates at 25 nM.
ELISA binding of the unique anti-mesothelin mAbs to
MSLN was detected using mouse anti-human Fc-IgG-HRP
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(Sigma, A0170). Clones that showed a more than 2-fold
reduction in binding signal to deglycosylated compared to
glycosylated MSLN antigen were excluded from the panel
of naive anti-MSLN binding mAbs.
4.3.2 BlAcore Screening

Human MSLN-His-Avi was immobilised on flow cell 2
on a CMS5 Series S BlAcore sensor chip (GE Healthcare,
BR100530) using an amine coupling kit (GE Healthcare,
BR10050) to approximately 200 response units (RU). Flow
cell 1 was left blank for subtraction. HEK293 supernatants
or purified proteins were adjusted with HBS-EP+(GE
Healthcare) to approximately 50 nM anti-MSLN mAb per
sample. Samples were injected over flow cell 1 and 2 for 2.5
min at 30 pl/min and then allowed to dissociate in HBS-EP
buffer for 2.5 min. Regeneration was achieved by injecting
10 mM glycine pH 1.5 (GE Healthcare, BR100354) for 30
seconds at a rate of 30 pul/min. Subtracted data (flow cell
2-flow cell 1) were analysed using BlAevaluation 3.2 Soft-
ware (GE Healthcare). Of the 86 clones tested in this assay
from the binding ELISA, 39 clones showed a binding
response of greater than 10 RU at 50 nM and were therefore
selected for re-expression, purification and further screen-
ing.

4.3.3 Binning of Antibodies Based on the Region of MSLN
Bound

Based on the ELISA and Biacore screening data, clones
were then tested in binning assays in which the binding of
the mAbs to human MSLN was tested in the presence of
another mAb by Bio-Layer Interferometry (BLI) on an Octet
(ForteBio).

Briefly, biotinylated hMSLN-His-Avi (5 pg/ml) was
bound on streptavidin tips (ForteBIO, 18-5020) for 5 min.
G1-AA/SS1 was diluted to 200 nM in 1x kinetic buffer
(FortéBIO, 18-1092) and allowed to bind to hMSLN-His-
Avi for 5 minutes. Next, binding of a mixture containing 200
nM of the test mAb and 200 nM of G1-AA/SS1, was
assessed for 5 minutes. This was compared with the binding
of the test mAb to hMSLN-His-Avi in the absence of bound
G1-AA/SS1 to determine the maximal extent of possible
binding in the absence of SS1 (i.e. where there was no
competition for binding). If both antibodies competed for
binding to the same region of MSLN;, the test antibody
would not be able to bind.

These binning experiments with G1-AA/SS1 revealed
that the majority (19 out of 23) of FS28 binders tested were
unable to bind MSLN in the presence of G1-AA/SS1 and
could therefore be attributed to bind a similar region as
G1-AA/SS1. The MSLN binding site for the SS1 antibody
in Fab format has been reported (Ma et al., 2012) and is
defined as an N-terminal region comprising of amino acid 7
to 64 that are also involved in MUC16 binding. Additional
clones, FS28-185 and FS28-256, were identified that
showed partial or no competition for binding with SS1.
Binning of these clones against each other revealed that
these clones represented two additional independent bins,
i.e. were capable of binding to a further two different regions
of MSLN. FS28-185 was assigned to one bin (‘bin 2’)
whereas FS28-256 was assigned to a separate bin (‘bin 3°).
These results showed that the epitope masking selections in
section 1.2 were successful as antibodies which bound to
multiple regions of MSLN were identified.

4.3.4 Affinities

For each bin described in Example 4.3.3, the binding
kinetics were determined using the same method as
described in Example 4.3.2, except that human or cyno
MSLN-His-Avi was immobilised at 50 or 100 RU. Clones
were tested at a concentration range of 81 nM to 0.33 nM in
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3-fold dilutions. The binders were ranked and the best from
each bin were selected: FS28-024 from bin 1; FS28-185
from bin 2, and FS28-256 for bin 3. All of these clones were
cyno cross-reactive (data not shown), but affinities were not
calculated under these test conditions. As shown in Table 4,
the affinities obtained at 50 RU of immobilised MSLN were
lower than those at 100 RU of immobilised MSLN antigen
showing increased binding at higher levels of MSLN.

TABLE 4

Kinetic analysis of parental MSLN mAbs

K, to immobilised

mAb (in G1- human MSLN-His-Avi (nM)
AA format) 50 RU 100 RU
FS28-024 0.77 0.23
FS28-185 37.00 29.57
FS28-256 26.20 23.16

4.4 MUC16-MSLN Blocking Assays

FS28-024, FS28-185 and FS28-256 were tested for their
ability to block the binding of MUCI16 to mesothelin in a
blocking assay. SS1 is known from the literature to block
MUCI16 binding to MSLN (Ma et al., 2012). G1-AA/SS1,
containing the same CDRs as SS1 and would also be
expected to block MUC16 binding, and a control IgG1
antibody (G1AA/HelD1.3) were included as positive and
negative controls respectively.

Briefly, recombinant human MUC16 (R&D Systems,
5809-MU-050) was coated on maxisorp plates at 0.65 pug/ml
in 1xPBS overnight at 4° C. Plates were washed 3x with
1xPBS and blocked with 300 pl PBS containing 2% Tween
20 and 2% Marvel Milk. A concentration of anti-MSLN
mAbs (0.23 nM to 500 nM, 3-fold dilutions) were pre-mixed
with biotinylated hMSLN-His-Avi antigen (final concentra-
tion 2 pg/ml) in a volume of 100 pl for 1 hr at room
temperature. After removal of the blocking solution, the
mAb/MSLN mixture was added to the plates and incubated
for 1 hr at room temperature. Plates were washed 3x with
PBST (1xPBS and 0.05% Tween20) and incubated with
streptavidin-HRP (Thermo Scientific, 21126, 1:1000 dilu-
tion in 1xPBS) for 1 hr at room temperature. Finally, plates
were washed 3 times with PBST and 3 times with PBS.
MSLN bound to MUC16 was visualised by adding 100 pl
TMB for 15 min, followed by 100 pl 1 M sulphuric acid
solution. Absorbances were read at 450-630 nm (GenS5
software, BioTek).

Bin 1 clones FS28-024 showed dose-dependent blocking
of the MUC16-MSLN interaction, similar to that of G1-AA/
SS1. FS28-256 did not show any blocking activity similarly
to the negative control G1-AA/HelD1.3. Whereas FS28-185
promoted the binding of MUC16 to MSLN. These results
were consistent with the binning data in Example 4.3.3 in
that clones which bound to three different regions of MSLN
showed three different behaviours in the ligand blocking
assay.

In conclusion, the results show that a panel of clones was
selected that bind to 3 different regions of MSLN (bins);
antibodies binding to one region of MSLN blocks the
binding of MUC16 to MSLN, whereas antibodies binding to
the other two regions does not.

4.5 Specificity

In light of the different areas of MSLN bound by the panel
of antibodies, their specificity for binding to MSLN was
tested. Specificity of FS28-024, FS28-185 and FS28-256
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was tested by ELISA by comparing the binding to MSLN
with binding to other molecules involved in cell adhesion
such as CEACAM-5, E-Cadherin, Thrombomodulin and
EpCAM.

A similar protocol was used as described in Example 4.3.1
in which maxisorp plates were coated with 1 pg/ml of
recombinant human MSLN-His-Avi, human CEACAM-5-
His-Fc (Sino Biological, 1077-HO3H), human E-Cadherin
(R&D systems, 8505-EC), human Thrombomodulin (Pepro-
tech, 100-58) or human EpCAM-hFc (in-house production).
Binding of the anti-MSLN mAbs, tested at a concentration
range of 0.02 to 1000 nM (3-fold dilutions) was detected
using anti-human Fab-HRP (Sigma, A0293). FS28-024, and
FS28-185 and FS28-256 bound to human MSLN-His-Avi
(ECs, around 0.5 nM and maximum binding signal of 3) but
no binding was observed to any of the cell adhesion mol-
ecules tested up to 1000 nM. Positive control antibodies
bound to their respective targets, as expected. Thus, the
anti-MSLN antibodies showed a high level of specificity.
4.6 Cell Binding

The panel of selected anti-mesothelin mAbs (FS28-024,
FS28-185 and FS28-256) were analysed for binding to
endogenous cell surface MSLN on the human lung cancer
cell line NCI-H226.

Briefly, NCI-H226 cells (ATCC CRL-5826) were har-
vested from T175 cell culture flasks using Accutase (Gibco,
A11105-01). Cells were centrifuged at 1200 rpm for 3 min
and resuspended in ice cold FACS buffer made up of DPBS
(Life Technologies, 14190169) and 1% BSA (Sigma-Al-
drich, A7906) at 2x10° cells/ml and 50 pl per well was
seeded in a 96-well V-bottom plate (Costar, 3894). All mAbs
tested were diluted in FACS buffer in 120 ul at a concen-
tration range of 0.01-200 nM (4-fold dilutions). The NCI-
H226 cells were then centrifuged, supernatant removed and
cells resuspended in 100 pl of each mAb dilution and
incubated at 4° C. for 45 min. Cells were washed twice by
centrifugation with 150 pl FACS buffer, resuspended in 100
ul containing goat anti-human IgG (y-chain specific) F(ab')2
fragment-R-Phycoerythrin antibody (Sigma, P8047) diluted
1:1000 in FACS buffer and incubated at 4° C. for 45 min.
The cells were washed once with 150 pl FACS buffer and
then with 150 ul DPBS, resuspended in 150 ul DPBS
containing DAPI (Biotium, 40043) at 1:10.000 and read on
the BDCantoll or iQue (Intellicyt). Data was analysed using
FlowJo v10 to determine the signal geometric mean for PE
for live cells in each well.

mAb? FS28-024 bound to cell-surface MSLN on NCI-
H226 cells, as did the positive control G1-AA/SS1. In
comparison, FS28-185 and FS28-256 demonstrated weaker
binding to cell-surface MSLN.

Summary of Naive Screening Procedure

From the 156 mAbs identified by the initial screen of the
naive phage libraries, three anti-human MSLN mAb clones
(FS28-024, FS28-185 and FS28-256) were selected based
on a set of screening assays that first confirmed binding to
full-length, deglycosylated recombinant MSLN as well as
the ability to bind to cyno MSLN. Secondly, clones were
grouped based on diversity of the region of MSLN they
bound (bins) and MUC16 blocking activity and from within
these groups, the highest affinity binders were selected. The
resulting panel of mAb clones FS28-024, FS28-185 and
FS28-256 bound three different regions of MSLN, one of
which (bin 1, FS28-024) blocked the binding of MUCI16 to
MSLN in vitro. The panel of five anti-MSLN antibodies
showed specific binding to MSLN, different affinities for
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recombinant and cell-surface MSLN and were selected for
further characterisation and/or optimisation as described in
Example 5, below.

Example 5: Affinity Maturation and Sequence
Optimisation of Naive Anti-MSLN mAbs

5.1 Affinity Maturation of Clone FS28-024 Using NNK
Walk Strategy

Whereas FS28-024 bound to human MSLN with sub-
nanomolar affinities, its affinity for cyno MSLN was about
5-fold lower. To improve binding to cyno MSLN, an NNK
walk strategy on five residues in the VH CDR3 region was
used.

The sequence of the FS28-024 VH and VL was optimised.
Parsimonious mutagenesis libraries were generated by
diversifying one amino acid residue at a time on the RATLF
residues (Kabat numbering 95-99) in the VH CDR3, leading
to a total of five individual libraries. The libraries were made
with low redundancy NNK codons to represent all possible
amino acids in the position of interest. Forward and reverse
primers were designed according to the guidelines of Quick-
change Lightning Site-Directed Mutagenesis Kit (Agilent,
200518), which was used to create the libraries. Each mutant
was expressed in small scale in HEK293 cells and super-
natants were screened by BIAcore for retained or improved
binding to human and cyno MSLN-His-Avi. Of the 84
clones screened, few retained binding, most of them being
substitutes of T98 residue. Four clones, FS28-024-051,
FS28-024-052, FS28-024-053 and FS28-024-060 were re-
expressed, purified and their affinities for human and cyno
MSLN determined. Only one clone, FS28-024-053 showed
an improvement in cyno crossreactivity which was achieved
by a single T98V mutation (Kabat numbering). All four
clones were taken forward as they might provide alternative
sequences and characteristics.

5.2 Affinity Maturation of FS28-185 and FS28-256

In comparison to FS28-024, clones FS28-185 and FS28-
256 had weaker affinity for both recombinant and cell
surface MSLN and were therefore subjected to affinity
maturation.

The VH and VL CDR3 regions were affinity matured in
parallel in scFv format by randomising overlapping cassettes
of five to six amino acids using NNK primers. The regions
randomised for FS28-185 were VH G95-M100F and VL
S91-A95 and for FS28-256 they were VH Y95-1.100B and
VL S91-196 (Kabat numbering). Before library generation,
parsimonious mutagenesis was performed on potential
methionine oxidation and deamidation sites in the CDRI1
and CDR3 regions (except for the FS28-256 VL. CDR3
library). Two rounds of selections were performed as
described for the naive campaigns, using 20 nM biotinylated
human MSLN-His-Avi in round 1 and either 20 or 2 nM
cyno MSLN-His-Avi in round 2. Soluble scFv (single point
concentration) were then tested for binding to an ovarian
cancer cell line OVCAR-3 (ATCC® HTB-161™).
OVCAR-3 cells were harvested using StemPro Accustase
(Gibco, A11105-01), centrifuged at 1200 rpm for 3 min and
resuspended in FACS buffer (DPS containing 2% BSA) at
2x10° cells/ml. 100 ul of OVCAR-3 cells were added to
96-well V-bottom plates. Plates were centrifuged at 1200
rpm for 3 mins and the buffer was discarded. 150 pl of scFv
was added to the cells and incubated at 4° C. for one hour.
ScFvs of parental clones FS28-185 and 256 were included as
controls. After washing, cells were resuspended in 100 pul of
Penta His Alexa-Fluor 647 (Qiagen, 109-546-098), and
washed before being resuspended in 100 pl DPBS contain-
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ing Sytox Green Nucleic Acid Stain (Invitrogen S7020,
1:10000 dilution). Samples were run on the iQue (Intellicyt
Corporation, IQue Plus) and the geometric mean for APC
was recorded.

For both FS28-185 and FS28-256, affinity matured clones
with improved binding to OVCAR-3 cells were identified.
On the basis of cell binding (MFI greater than 850) and
sequence diversity, 10 clones were selected from the FS28-
256 VH CDR3 and 9 from the VL CDR3 selections. Of the
38 FS28-185 affinity matured clones tested in this assay, 14
were selected from the VH CDR3 selections and one from
the VL CDR3 selections. Selected clones were further
characterised in a mAb? bispecific antibody format.

5.3 Generation of FS28-185 and FS28-256 Based mAb?

For further characterisation of the anti-MSLN binders, the
affinity matured VH or VL region of FS28-024, FS28-185 or
256, as well as the parental clones, were produced in mAb>
format. The resulting mAb? are IgG1 antibodies comprising
of the CDRs of FS28-024, FS28-185 or FS28-256 clones or
the affinity matured variants derived from them, included the
LALA mutation in the CH2 domain, and a human CD137
receptor-binding site in the CH3 domain. The heavy and
light chain sequences of the resulting mAb? molecules are
shown in the following SEQ ID NOS:

FS22-172-003-AA/FS28-024 mAb?: SEQ ID NOs 94 and

85

FS22-172-003-AA/FS28-024-051 mAb* SEQ ID NOs
98 and 85

FS22-172-003-AA/FS28-024-052 mAb* SEQ ID NOs
102 and 85

FS22-172-003-AA/FS28-024-053 mAb* SEQ ID NOs
106 and 85

FS22-172-003-AA/FS28-024-060 mAb* SEQ ID NOs
108 and 85

FS22-172-003-AA/FS28-026 mAb*: 270 SEQ ID NOs
109 and 87

FS22-172-003-AA/FS28-091 mAb*: SEQ ID NOs 110
and 88

FS22-172-003-AA/FS28-185 mAb* SEQ ID NOs 111
and 89

FS22-172-003-AA/FS28-256 mAb*: SEQ ID NOs 114
and 116

FS22-172-003-AA/FS28-256-001 mAb* SEQ ID NOs
120 and 82

FS22-172-003-AA/FS28-256-005 mAb* SEQ ID NOs
120 and 83

FS22-172-003-AA/FS28-256-012 mAb* SEQ ID NOs
125 and 116

FS22-172-003-AA/FS28-256-014 mAb* SEQ ID NOs
129 and 116

FS22-172-003-AA/FS28-256-018 mAb* SEQ ID NOs
133 and 116

FS22-172-003-AA/FS28-256-021 mAb* SEQ ID NOs
125 and 82

FS22-172-003-AA/FS28-256-023 mAb* SEQ ID NOs
133 and 82

FS22-172-003-AA/FS28-256-024 mAb* SEQ ID NOs
125 and 83

FS22-172-003-AA/FS28-256-026 mAb* SEQ ID NOs
133 and 83

FS22-172-003-AA/FS28-256-027 mAb* SEQ ID NOs
125 and 84

FS22-172-003-AA/FS28-256-271 mAb*: 3 and 84

FS22-172-003-AA/FS28-256-272 mAb?: 158 and 84

FS22-172-003-AA/FS28-256-273 mAb?: 163 and 84
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These mAb® were produced by transient expression in
HEK293-6E cells and, where indicated, purified using mAb
Select SuRe protein A columns.
5.4 Sequence Optimisation of FS28-256 Affinity Matured
Clones
All FS28-256 lineage clones contained a potential
N-linked glycosylation site in the VH CDR2 (IMGT num-
bering N55-X-S57, wherein X is any residue). Four variants
of clone FS28-256-027 were obtained by substituting the
N55 in the VH CDR2 to Alanine, Histidine, Serine and
Threonine. These clones were named FS28-256-271, FS28-
256-272, FS28-256-273, and FS28-256-274, respectively.
The clones were characterised by SPR for binding to immo-
bilised and in-solution MSLN. Table 5 shows the SPR
results. FS28-256-274 had a much weaker affinity to immo-
bilised MSLN than the other clones and was therefore not
progressed. FS28-256-272 and FS28-256-273 bound to
soluble MSLN either more strongly or with a similar
strength as they did to immobilised MSLN. Consequently,
it’s likely that binding of both of these clones to cell surface
expressed MSLN will be impacted by the presence of
soluble MSLN. In contrast FS28-256-271 had the strongest
binding to immobilised MSLN and weaker binding to
soluble MSLN such that it preferentially targets immobilised
MSLN over MSLN in-solution.

TABLE 1

Binding to immobilised and in-solution human mesothelin

Affinity Affinity Ratio of
to to Ky in
Mutation  immobilised human solution/
Clone (in in human MSLN- immobilised
CD137 Heavy MSLN- His-Avi in for human
mAb? Chain His-Avi solution MSLN-
format) CDR2 Kp (nM) Ky (nM) His-Avi
FS28-256-271 N55A 5.9 18.2 3
FS28-256-272 N55H 10.7 7.6 0.7
FS28-256-273 N558 6.0 7.4 1.2
FS28-256-274 N55T 19.8 55.9 2.8

Summary of Fcab and mAb Selections and Screening

The anti-CD137 Fcabs identified in the previous examples
were shown to have agonistic activity in NF-kB reporter
assays when crosslinked either by an external cross-linking
agent such as Protein L. (Example 2). Of the panel of
anti-human CD137 Fcabs identified, FS22-172-003 was
selected for pairing with MSLN-targeting Fabs, as this clone
presented the most favourable functional and biophysical
properties.

To localise this CD137-driven agonistic activity to the
tumour microenvironment, it was decided to pair the Fcab in
mAb? format with Fabs which specifically target the tumour
associated antigen, mesothelin (MSLN). This may be ben-
eficial because expression of MSLN on tumour cells would
be expected to result in cross-linking of the mAb?, such that
the Fcab would be capable of inducing agonistic activity
when bound to CD137.

A panel of MSLN binding Fabs was selected that bind to
different regions of MSLN and preferentially bind immobi-
lised MSLN over soluble mesothelin, as identified in the
previous examples.

Example 6: Production of mAb? Targeting CD137
and Mesothelin (MSLN)

CD137/MSLN mAb? consisting of IgG1 molecules com-
prising the anti-CD137 Fcab FS22-172-003, and a panel of
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anti-MSLN Fabs (listed in Table 6) were produced to allow
characterisation of the pairing in mAb* format. They were
prepared by substituting part of the CH3 domain Fcabs
comprising the AB, CD and EF loops, for the corresponding
region of the CH3 domain of the MSLN binding antibody.
These CD137/MSLN mAb? comprised a LALA mutation in
the CH2 domain (AA). The isotype of mAb? is human IgG1,
which is capable of inducing ADCC against the cells to
which it binds. Since the CD137/MSLN mAb* will bind
immune cells expressing CD137, it was decided to decrease
the possibility of the mAb® inducing ADCC against the
immune cells by inclusion of the LALA mutation. Further,
Fc gamma receptors on effector cells are known to induce
crosslinking of antibodies in vivo, though this is inefficient
and may occur away from the site of therapeutic interest.
Since the CD137 antibodies in the clinic have been associ-
ated with dose-limiting toxicities, it was decided to include
the LALA mutation so that the CD137/MSLN mAb? would
only exert agonistic activity through crosslinking by binding
to MSLN. All mAb? and control antibodies were produced
by transient expression in HEK293-6E cells and purified
using mAb Select Sure Protein A columns. mAb® were then
assessed for purity by SEC-HPLC, ensuring the monomeric
percentage of the molecules exceeded 98%.

TABLE 6

list of mAb? molecules studied in terms of their binding
characteristics and functionality.
mAb?

FS22-172-003-AA/FS28-024
FS22-172-003-AA/FS28-024-051
FS22-172-003-AA/FS28-024-052
FS22-172-003-AA/FS28-024-053
FS22-172-003-AA/FS28-024-060

FS22-172-003-AA/FS28-185
FS22-172-003-AA/FS28-185-002
FS22-172-003-AA/FS28-185-003

FS22-172-003-AA/FS28-256
FS22-172-003-AA/FS28-256-012
FS22-172-003-AA/FS28-256-021
FS22-172-003-AA/FS28-256-023
FS22-172-003-AA/FS28-256-024
FS22-172-003-AA/FS28-256-026
FS22-172-003-AA/FS28-256-027
FS22-172-003-AA/FS28-256-271
FS22-172-003-AA/FS28-256-272
FS22-172-003-AA/FS28-256-273

Example 7: Characterisation of CD137/MSLN
mAb?

The binding strength of CD137/MSLN mAb? to CD137
and MSLN was tested by Surface Plasmon Resonance using
a BlAcore instrument, as well as binding to cell surface
expressed MSLN by flow cytometry on relevant cell lines
that endogenously express MSLN. Since soluble forms of
MSLN, generated by alternative splicing or tumour necrosis
factor-a converting enzymes (TACE) of the membrane-
bound MSLN, are found in serum of MSLN positive cancer
patients it is postulated that this might act as a decoy for
therapeutic antibodies (Lee et al., 2018). We investigated the
binding characteristics and avidity of the mAb?, in particu-
lar, the difference in binding affinity to soluble and immo-
bilised MSLN. This was measured in BlAcore binding
experiments set up in two ways: Firstly, to reproduce the
kinetic profile of a mAb?® that binds antigen present on the
cell surface, recombinant antigen was immobilised at mod-
erate density on a SPR chip, followed by injection of mAb>
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at varying concentrations (see Example 7.1). Secondly, to
simulate the potential sink effect caused by circulating
soluble MSLN on mAb® binding to cell-surface bound
MSLN, the mAb* were captured on the chip and then
recombinant antigen flowed over at varying concentrations
(see Example 7.2). Furthermore, the effect of soluble recom-
binant MSLN added at a level which is representative of that
which is typically found in MSLN positive patient serum
(Onda et al., 2006, 10.1158/1078-0432.CCR-05-1477) was
also thoroughly investigated in binding studies to cell sur-
face expressed MSLN and in CD8* T cell assays.

7.1 Binding of CDI137/MSLN mAb2 to Human MSLN
Under Avid Conditions—Antigen Capture Method

Binding of all mAb? to MSLN immobilised on a BlAcore
chip was tested to determine the binding affinity to human
MSLN under avid conditions, where a high concentration of
immobilised antigen is available to allow the antibody to
bind avidly. A CMS5 chip (GE Healthcare BR-1005-30) was
coated with hMSLN-His-Avi at approximately 100 RU
according to manufacturer’s instructions. The panel of
CD137/MSLN mAb? described in Table 6, as well as control
antibodies G1-AA/HelD1.3 and G1-AA/SS1 (Hassan et al.
2002) were injected at a range of concentrations in a
three-fold dilution series starting at 300 nM, at a flow rate of
70 ul/min. The association time was 5 min and the disso-
ciation time was 10 min. Running buffer was HBS-EP (GE
Healthcare BR100188). Flow cells were regenerated by
injecting Glycine-HCI pH1.5 at a flow rate of 30 pl/min for
30 seconds. Data were analysed by double referencing
against a flow cell which was intentionally left blank (no
antigen coating). The binding kinetics were fitted with a 1:1
Langmuir model to generate binding association (k,) and
dissociation (k,) rates. Equilibrium binding constants (K,)
were calculated by dividing the dissociation rate by the
association rate for each sample. Data analysis was per-
formed with BiaEvaluation software version 3.2. Results are
shown in Table 7.

FS22-172-003-AA/FS28-185 and FS22-172-003-AA/
FS28-256 mAb? comprising the FS28-185 and FS28-256
parental MSLN Fab arms showed binding affinities between
36 and 50 nM. Otherwise, all mAb?, including the affinity
matured progeny of FS28-256, presented MSLN binding
affinities (K,) lower than 10 nM. Indeed, a subnanomolar
K, was determined for those mAb? containing MSLN Fab
arms from lineage FS28-024.
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For mAb® FS22-172-003-AA/FS28-256-271, cyno cross-
reactivity was determined by SPR using a steady-state
kinetic analysis. A CMS5 chip (GE Healthcare BR-1005-30)
was coated with hMSLN-His-Avi or ¢cMSLN-His-Avi at
approximately 50 RU according to manufacturer’s instruc-
tions. mAb? were injected at a range of concentrations in a
three-fold dilution series starting at 243 nM, at a flow rate of
10 pl/min. The association time was 1000 sec to steady state
and the dissociation time was 30 sec. Running buffer was
HBS-EP (GE Healthcare BR100188). Flow cells were
regenerated by injecting Glycine-HC1 pH1.5 at a flow rate of
30 pl/min for 30 seconds. Data were analysed by double
referencing against a flow cell which was intentionally left
blank (no antigen coating). Steady state affinity model was
used to analyse kinetic data using the BiaEvaluation soft-
ware version 3.2. Binding to cMSLN-Avi-His was within 3
fold of binding to hMSLN-Avi-His.

7.2 Binding of CD137/MSLN mAb* to Soluble Human
MSLN—Antibody Capture Method

CD137/MSLN mAb? described in Table 7 as well as
control antibodies G1-AA/HelD1.3 and G1-AA/SS1 were
also tested for binding to human MSLN and cynomolgus
MSLN by SPR where the antibodies were captured to assess
their binding to MSLN in solution (K, in solution). Protein
G (GE Healthcare 29179315) was used to capture mAb or
mAb? samples at approximately 100 RU after which
hMSLN-His-Avi or cMSLN-His-Avi was injected at a range
of concentrations in a three-fold dilution series starting at
1000 nM, at a flow rate of 70 ul/min. The association time
was 5 min and the dissociation time was 5 min. Running
buffer was HBS-EP (GE Healthcare BR100188). Flow cells
were regenerated by injecting Glycine-HC1 pH2.1 at a flow
rate of 30 ul/min for 15 seconds. The data was analysed as
described in Example 7.1. The results are shown in Table 7.
From the antibody capture method, the majority of the mAb>
had significantly reduced binding affinities, supporting the
screening strategy implemented for generating the avid
anti-MSLN antibodies with differential binding for immo-
bilised versus soluble MSLN. K, values for binding to
soluble MSLN were between 4.27 nM for the best mAb>
FS22-172-003-AA/FS28-024-060 and 1.2 uM for mAb?
FS22-172-003-AA/FS28-256 which had the lowest affinity.

All tested mAb® were cyno cross-reactive within 10-fold
of the affinity to human MSLN with the exception of mAb?
FS22-172-003-AA/FS28-024-060 which was 54-fold less
cross reactive compared to human MSLN and so was not
pursued further.

TABLE 7

Binding to immobilised MSLN and MSLN in solution of human

CD137/MSLN mAb” as measured by SPR

Ky to Ky to Ky to K Ratio
immobilised  human cyno in solution/
human MSLN in MSLNin immobilised
MSLN solution solution human
mAb? (nM) (nM) (aM) MSLN
FS22-172-003-AA/FS28-024 0.39 46.53 169.7 119
FS22-172-003-AA/FS28-024-051 0.40 42.35 153.4 105
FS22-172-003-AA/FS28-024-052 0.39 3312 2391 85
FS22-172-003-AA/FS28-024-053 0.42 46.42 165.6 111
FS22-172-003-AA/FS28-024-060 0.13 427 2304 33
FS22-172-003-AA/FS28-185 50.52 24790 2943 5
FS22-172-003-AA/FS28-256 36.01 1212.00 8483 34
FS22-172-003-AA/FS28-256-012 3.12 809.10  711.7 259
FS22-172-003-AA/FS28-256-021 2.30 19.55 14.17 9
FS22-172-003-AA/FS28-256-023 3.09 56.16 44.23 18
FS22-172-003-AA/FS28-256-024 4.74 86.56 57.24 18
FS22-172-003-AA/FS28-256-026 3.19 57.86 33.13 18
FS22-172-003-AA/FS28-256-027 0.78 5.84 1.057 7
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Binding to immobilised MSLN and MSLN in solution of human

CD137/MSLN mAb? as measured by SPR

Ky to Ky to Ky to K, Ratio
immobilised  human cyno in solution/
human MSLN in MSLNin immobilised
MSLN solution solution human
mAb? (nM) (nM) (nM) MSLN
FS22-172-003-AA/FS28-256-271 5.9 18.2 N/A 3
FS22-172-003-AA/FS28-256-272 10.7 7.6 N/A 0.7
FS22-172-003-AA/FS28-256-273 6.0 7.4 N/A 1.2
N/A-not tested
15

The affinity (as measured by K,,) of MSLN binding Fab
arms of all mAb? has been confirmed by both antigen
capture (immobilised MSLN) and antibody capture (MSLN
in solution) methods. In solution versus immobilised K,
values varied for each antibody. A ratio was calculated from
these K, values which gave an indication for each mAb? of
its behaviour in terms of whether its binding was altered by
the presence of soluble MSLN (Table 7). Without wishing to
be bound by theory, we postulate that there is a threshold of
binding affinity that needs to be overcome for the mAb? to
be able to crosslink efficiently but the difference in binding
affinity to immobilised versus in solution MSLN also plays
an important role in terms of how this functionality may be
affected by the shed MSLN-driven sink effect.

7.3 Biacore Binding to CD137: Binding Affinity Retained in
mAb? Format

In addition to the binding strength towards MSLN, the K,
of the CD137 Fcab towards human CD137 was also tested
to demonstrate the binding properties of the Fcab are
retained when paired with new Fabs. A Biacore CM5 chip
was coated with anti-human Fab using a Human Fab Cap-
ture Kit (GE Healthcare 28958325) according to manufac-
turer’s conditions, to a surface density of approximately
9000 RU. Samples of the FS22-172-003-AA/FS28-024-052
and FS22-172-003-AA/FS28-256-271 were captured to
approximately 100 RU and then human CDI137 antigen
(hCD137-mFc-Avi) was flowed over at a range of concen-
trations in a three-fold dilution series starting at 81 nM at a
flow rate of 70 pl/min. The association time was 5 min and
the dissociation time was 5 min. Running buffer was HBS-
EP. Flow cells were regenerated by injecting two repeat
injections of 10 mM glycine-HCI at pH 2.1 at a flow rate of
30 wl/min for 30 seconds. Data analysis was performed as
described in earlier examples (see e.g. Example 7.1). The
results in Table 8 show consistent affinities to CD137
between mAb? containing the same Fcab but different Fabs.
The anti-CD137 Fcabs were selected so that they preferen-
tially bound dimeric or multimeric CD137 over monomeric
CD137, via avid binding interactions. It is hypothesised that
this avidity mode of action is beneficial to preferentially
target cells with upregulated CD137 expression, such as
activated T cells, over other cells that express CD137 at
much lower levels. This may be beneficial to minimise
off-tumour T cell activation that could lead to undesired
effects such as toxicity. Further, the Fcabs were designed to
have activity only when crosslinked such that they are not
capable of inducing agonism simply by binding to CD137.
In the context of these CD137/MSLN mAb?, it is thought
that the kinetic mode of action of both specificities of the
molecule may result in the mAb? preferentially binding to
upregulated MSLN expressed at high levels on tumour cells,
followed by binding to activated T cells with upregulated
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CD137 expression. Due to the binding dynamics of the Fcab
domains of the molecule, in the event that the mAb?>
molecule binds CD137 on T cells first, lack of MSLN-
mediated crosslinking ensures that T cell agonism is not
triggered.

TABLE 8

Binding of mAb? to dimeric CD137 antigens as measured by SPR

mAb? Affinity to hCD137-mFc-Avi K, (nM)

FS22-172-003-AA/FS28-024-052
FS22-172-003-AA/FS28-256-271

1.51
1.26

7.4 Binding to Cell Surface Expressed MSLN and Interfer-
ence by Soluble MSLN

To confirm binding to cell surface MSLN, mAb? listed in
Table 9 were analysed for binding to endogenous cell
surface MSLN on the human lung cancer cell line NCI-
H226. In addition, and because MSLN can be found in blood
in a shed soluble form, there is a risk that this circulating
MSLN might affect exposure and ultimately potency of our
mAb> To confirm that presence of soluble MSLN has
minimal impact, additional binding experiments to NCI-
H226 cells were performed in the presence of 20 nM soluble
MSLN which is 10-20 times the level of soluble MSLN
found to be of diagnostic value for defining malignant
mesothelioma and lung cancer patients as MSLN positive
(Cui et al., 2014). Briefly, NCI-H226 cells (ATCC CRL-
5826) were harvested from T175 cell culture flasks using
Accutase (Gibco, A11105-01). The antibody preparation
protocol was slightly altered when supplementing with
soluble MSLN: antibodies were diluted in FACS buffer to
give a 2x final concentration in a 96-well V-bottom plate and
60 ul from each well was then added to either FACS buffer
alone or to FACS buffer containing 60 ul of 40 nM recom-
binant hMSLN-His (R&D systems, 3265-MS-050) (to give
a final concentration of 20 nM hMSLN) and pre-incubated
at room temperature for 1 hour before 100 ul was added to
the cells.

In both cases, cells were centrifuged at 1200 rpm for 3
min and resuspended in ice cold FACS buffer made up of
DPBS (Life Technologies, 14190169) and 1% BSA (Sigma-
Aldrich, A7906) at 2x10° cells/ml and 50 ul per well was
seeded in a 96-well V-bottom plate (Costar, 3894). All
antibodies tested were diluted in FACS buffer in 120 pl at a
concentration range of 0.01-200 nM (4-fold dilutions). The
NCI-H226 cells were then centrifuged, supernatant removed
and cells resuspended in 100 pl of each mAb dilution and
incubated at 4° C. for 45 min. Cells were washed twice by
centrifugation with 150 pl FACS buffer, resuspended in 100
ul containing goat anti-human IgG (y-chain specific) F(ab')2
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fragment-R-Phycoerythrin antibody (Sigma, P8047) diluted
1:1000 in FACS buffer and incubated at 4° C. for 45 min.
The cells were washed once with 150 pl FACS buffer and
then with 150 ul DPBS, resuspended in 150 ul DPBS
containing DAPI (Biotium, 40043) at 1:10.000 and read on
the BDCantoll or iQue (Intellicyt). Data was analysed using
FlowJo v10 to determine the signal geometric mean for PE
for live cells in each well.

According to the cell binding results in Table 9, binding
to cell surface MSLN on endogenously expressing cell line
NCI-H226 was confirmed for all mAb? with ECs, values
ranging from 0.3 to greater than 47 nM. The impact of the
presence of soluble recombinant MSLN on cell binding
affinity was generally low with minimal (less than 3-fold)
increases in EC50 observed for most clones.

FS22-172-003-AA/FS28-256 had higher EC,,, in the pres-
ence and absence of soluble MSLN than the majority of
other clones tested, indicating that the parental FS28-256
antibody had weaker binding. However, affinity matured
variants of this parental antibody displayed stronger binding.
In particular, the cell binding affinities of mAb? containing
FS28-256 derived clones, such as FS28-256-001, FS28-256-
005, FS28-256-012, FS28-256-014, FS28-256-018, FS28-
256-023, FS28-256-024 and FS28-256-026 were much bet-
ter than the parent and were not affected by the presence of
soluble MSLN. This demonstrates that even in the presence
of an excess of soluble MSLN, most mAb® bound prefer-
entially to the membrane bound form of MSLN. mAb>
containing FS28-024-060 and FS28-256-027 were the most
affected when binding to cells in the presence of soluble
MSLN, indicating that higher affinity binders to MSLN in
solution are more likely to be impacted by the presence of
shed MSLN. mAb? containing the parental FS28-185 clone
(i.e. FS22-172-003-AA/FS28-185) also had higher ECs,
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7.5 mAb? Bind Cell Lines with a Wide Range of Endog-
enous Mesothelin Expression Levels

To demonstrate the ability of the anti-MSLN Fab clone
FS28-256-271 to bind cells expressing a range of MSLN cell
densities, the mAb? was tested in a cell binding flow cytom-
etry assay similar to the one described in Example 7.3 in
which the following human carcinoma cells were utilised:
NCI-H226 [H226](ATCC® CRL-5826), OVCAR-3
[OVCAR3] (ATCC® HTB-161), and AsPC-1 [AsPC-1]
(ATCC® CRL-1682™). A MSLN negative cell line HEK-
.FRT, described in Example 2, was also used as negative
control. To determine the relative expression of MSLN in
each cell line, the antibody binding capacity (ABC) was
used following the protocol recommended by the manufac-
turer (Quantum™ Simply Cellular® #816 Bangs Labs). The
cell lines were ranked in order of MSLN expression levels
with H226 having the highest MSLN of those tested (ABC
315,478), OVCAR3 having medium levels (ABC 103,444),
AsPC-1 having low levels (ABC 20,999).

The results of the cell binding assay are shown in Table
10. In terms of expression levels, the FS28-256-271 binds
stronger to the H226 which has the highest MSLN expres-
sion of the cell lines tested. The mAb* has comparable
binding to OVCAR-3 and AsPC-1 cells. As expected, FS28-
256-271 selectively binds to cells that express MSLN but
not to the negative HEK.FRT cell line. Consequently, the
CD137/MSLN mAb? will have the potential to work on cells
expressing a range of levels of membrane MSLN expres-
sion.

TABLE 10

Cell binding strength of CD137/MSLN mAb? on cells
expressing a wide range of MSLN density.

values and so showed weaker binding in the presence and 35 . o
absence of soluble, recombinant MSLN. Affinity matured Cell Line Binding EC50 (nM)
variants of the parental clone were also tested. An improve- NCIL-H226 0.3041
ment in binding in the absence of soluble MSLN was OVCAR-3 0.3058
observed for these affinity matured clones in mAb?.
TABLE 9
CD137/MSLN mAb? binding to NCI-H226 cells
NCI-H226 +
NCI-H226 20 1M soluble MSLN
mAb? ECso M) E,. (MF) ECso (aM)  E,,,, (MFI)

FS22-172-003-AA/FS28-024 0.3886 772808 3.049 791715
FS22-172-003-AA/FS28-024-051 04774 767620 3.061 797595
FS22-172-003-AA/FS28-024-052  0.8844 752345 3.639 799055
FS22-172-003-AA/FS28-024-053  0.5789 783415 2.77 787914
FS22-172-003-AA/FS28-024-060  0.6945 840057 4.691 930443

FS22-172-003-AA/FS28-185 22.95 4926 28.43 4926

F$22-172-003-AA/FS28-256 47.07 174359 52.87 200240
FS$22-172-003-AA/FS28-256-001 N/A N/A N/A N/A
FS$22-172-003-AA/FS28-256-005  0.7293 440704 0.8561 423827
FS22-172-003-AA/FS28-256-012  5.696 515615 6.364 485690
FS22-172-003-AA/FS28-256-014  0.727 476372 1.095 514410
F$22-172-003-AA/FS28-256-018  3.601 347878 4.09 357365
FS22-172-003-AA/FS28-256-021  4.02 689367 9.489 773900
FS22-172-003-AA/FS28-256-023  1.286 618097 2.134 624592
FS22-172-003-AA/FS28-256-024  3.405 647114 5.236 674662
FS22-172-003-AA/FS28-256-026 147 634311 2.683 687574
FS22-172-003-AA/FS28-256-027  0.613 800727 2.305 685895

ND-tested, no activity so EC50 Emax not determined
N/A-not tested



US 12,319,739 B2

61
TABLE 10-continued

Cell binding strength of CD137/MSLN mAb? on cells
expressing a wide range of MSLN density.

Cell Line Binding EC50 (nM)
AsPC-1 0.2934
HEK.FRT ND

ND-tested, no binding detected so ECsq not determined

Example 8: Functional Activity of CD137/MSLN
mAb2

To demonstrate that cell lines with endogenous levels of
MSLN can crosslink CD137/MSLN mAb?® resulting in
CD137 agonism and subsequent T cell activation, a cyto-
toxic CD8™" T cell assay was developed where IL-2 or TNFy
cytokine release was used as the assay endpoint. NCI-H226,
OVCAR-3, AsPC-1, and HEK.FRT described in Example 7
were used to test the CD137/MSLN mAb? in this T cell
assay.

To isolate T cells, peripheral blood mononuclear cells
(PBMCs) were isolated from leukocyte depletion cones, a
by-product of platelet donations. Briefly, leukocyte cones
contents were flushed with PBS and overlaid on a Ficoll
(Sigma-Aldrich, 1440-02) gradient. PBMCs were isolated
by centrifugation and the cells that did not cross the Ficoll
gradient were recovered. PBMCs were further washed with
PBS and remaining red blood cells were lysed through the
addition of 10 ml 1x red blood cell lysis buffer (eBioscience,
00-4300-54) according to the manufacturer’s instructions.
CD8* T cells were isolated from the PBMCs present in the
eluant using the CD8* T cell isolation kit IT (Miltenyi Biotec
Ltd, 130-096-495) according to the manufacturer’s instruc-
tions.

Incubation with an anti-CD3 antibody was used as a first
signal to drive initial activation of the T cells. 96-well flat
bottom tissue culture plates were coated with 8 pg/ml
anti-CD3  antibody (Clone UCHT1, R&D Systems,
MAB100-SP) in PBS overnight at 4° C. The plates were
then washed 3 times with 200 ul PBS.

8.1 CD8" T Cell Assay Using NCI-H226 for MSLN Cross-
linking

Cytotoxic CD8* T cells were then isolated from the
PBMCs as described above. NCI-H226 cells were plated at
2x10* cells per well on to anti-CD3 antibody-coated (8
ng/ml) 96 well flat bottom plates in 100 ul T cell culture
medium (RPMI medium (Life Technologies, 61870-044)
with 10% FBS (Life Technologies), 1x Penicillin Strepto-
mycin (Life Technologies, 15140122), 1 mM Sodium Pyru-
vate (Gibco, 11360-070), 10 mM Hepes (Sigma-Aldrich,
HO0887), 2 mM L-Glutamine (Sigma-Aldrich, G7513) and
50 uM 2-mercaptoethanol (Gibco, M6250)). Once cells had
adhered after 4 hours incubation, all T cell culture medium
was removed and replaced with 50 pl T cell culture medium
containing T cells at a concentration of 4.0x10° cells/ml
resulting in 2.0x10* cells/well. mAb* were diluted in T cell
medium at a 2x final concentration starting at 60 nM and 1:3
or 1:7 serial dilutions were carried out. 50 ul of mAb?
titration was added to the cells for a total assay volume of
200 pl and 1x concentration of antibody. Details of the
molecules tested in this assay are provided in Table 11,
G1-AA/20H4.9 was used as positive control in each assay
(data not shown).

The assay was incubated at 37° C., 5% CO, for 72 hours.
Supernatants were collected and assayed with a V-PLEX
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1L-2 kit from Meso Scale Discovery (K151QQD-4) follow-
ing the manufacturer’s instructions. The concentration of
human IL.-2 (hIL-2) was plotted vs the log concentration of
antibody and the resulting curves were fitted using the log
(agonist) vs response equation in GraphPad Prism.

Table 11 shows the ECs,, values and maximum response
of IL-2 release observed in the T cell activation assay across
different repeats of the assay. Due to the number of assays
performed, T cells from multiple donors were used. In each
case, positive and negative controls were utilised in each
assay to ensure consistent data sets across assays and donors.
The positive control anti-human CD137 antibody, 20H4.9,
shows an increase in hIL-2 release with an EC50 of 0.5 nM.
Lack of off-targeted CD137-mediated T cell agonism was
confirmed in a CD8* T cell assay similar to that described
above but with HEK-FRT which were not transduced to
express MSLN cells instead of the MSLN positive NCI-
H226. Avoidance of off-targeted activation is highly desir-
able particularly with CD137 antibodies due to the instances
of dose-limiting toxicities observed in some other CD137
molecules in the clinic, and therefore this factor was used in
determining which mAb? combinations were selected. The
following mAb® showed an increase of IL-2 release, each
with a subnanomolar EC50: FS22-172-003-AA/FS28-024-
051, FS22-172-003-AA/FS28-024-052, FS22-172-003-AA/
FS28-024-053, FS22-172-003-AA/FS28-024-060, FS22-
172-003-AA/FS28-256-021, FS22-172-003-AA/FS28-256-
023, FS22-172-003-AA/FS28-256-026, FS22-172-003-AA/
FS28-256-027. FIG. 1 shows representative plots of 1L.-2
release for the T cell activation assay. These results suggest
that mAb® comprising Fabs from the FS28-185 lineage
(FIG. 1B) did not show functional activity in this particular
assay. Surprisingly, all mAb® paired with Fabs from the
FS28-185 lineage show very limited and reduced, or none at
all, IL-2 release. This suggests that while Fabs in that lineage
are able to bind MSLN, binding to this particular region of
MSLN appears not to be able to crosslink CD137/MSLN
mAb? in a way that results in increased potency upon MSLN
crosslinking in this assay. All mAb® comprising Fabs from
lineage FS28-024 (FIG. 1A) and FS28-256-021, FS28-256-
023, FS28-256-023, FS28-256-026, and FS28-256-027 from
lineage FS28-256 (FIG. 1C) show an increase of hILL-2
release with subnamolar EC,.

TABLE 11
Functional screening of CD137/MSLN mAb? in a CD8* T cell
assay in co-culture with NCI-H226 lung adenocarcinoma cells.
NCI-H226 NCI-H226
Donor A Donor B

mAb?® FS22- ECso E,.ox AL-2 ECso E, o (IL-2
172-003-AA/ (nM) pg/ml) (nM) pg/ml)
FS28-024 0.02 1122 0.03 1381
FS28-024-051 0.08 1129 0.04 1800
FS28-024-052 0.04 1067 0.05 1689
FS28-024-053 0.07 1007 0.04 1441
FS28-024-060 0.04 1401 0.06 1942
FS28-185 ND ND ND ND
FS28-185-002 ND ND ND ND
FS28-185-003 ND ND ND ND
FS28-256 34.01 1260 22.21 8586
FS28-256-005 1.63 1099 N/A N/A
FS28-256-012 1.56 1550 1.67 1100
FS28-256-014 3.58 1358 N/A N/A
FS28-256-018 3.22 1256 3.71 903
FS28-256-021 0.06 1784 0.04 1005
FS28-256-023 0.64 1964 0.23 975
FS28-256-024 1.29 2121 0.61 1086



US 12,319,739 B2

63
TABLE 11-continued

Functional screening of CD137/MSLN mAb? in a CD8* T cell
assay in co-culture with NCI-H226 lung adenocarcinoma cells.

NCI-H226 NCI-H226
Donor A Donor B
mAb? FS22- ECsq E, 0 (IL-2 ECsq E, o (IL-2
172-003-AA/ (nM) pg/ml) (nM) pg/ml)
FS28-256-026 0.67 2055 0.23 932.5
FS28-256-027 0.05 2112 N/A N/A

ND-tested, no activity so EC50 Emax not determined
N/A-not tested
CDS8" T cell assay using NCI-H226 in the presence of soluble MSLN

The CD8* T cell functional assay described above was
repeated in the presence of hMSLN-His at a 20 mM con-
centration, which is 10-20 times the level of soluble MSLN
found to be of diagnostic value for defining malignant
mesothelioma and lung cancer patients as MSLN positive
(Cui et al., 2014).

FIG. 2 shows the activity of a subset of mAb? in the
presence or absence of soluble MSLN. As expected, soluble
MSLN does not change the potency of those mAb? paired
with Fabs that preferentially bind to immobilised versus
soluble MSLN. Specifically, mAb* comprising the MSLN
Fabs FS28-024-051, FS28-024-052, FS28-024-053, FS28-
256-021, and FS28-256-023 were not affected by the pres-
ence of up to 20 nM soluble MSLN, this is consistent with
affinity and cell binding data described in Examples 7.1 and
7.2.

Interestingly, mAb*> FS22-172-003-AA/FS28-256-027
exhibited the biggest loss of potency when incubated with
20 nM of soluble MSLN resulting in a significant shift in
EC,,. This is consistent with the affinity results in Examples
7.1 and 7.2, where FS28-256-027 exhibited high affinity to
both immobilised and soluble MSLN, thereby supporting
the theory that high affinity to soluble MSLN is not desir-
able. Results are consistent with the hypothesis described
earlier in which clones with preferential binding to mem-
brane MSLN are less interfered by the presence of soluble
MSLN. In this context, clone FS28-256-027 shows high
affinity binding to both immobilised and MSLN in solution
and the functional data with the mAb> FS22-172-003-AA/
FS28-256-027 reveals a significant shift in EC,, when
treated with 20 nM sMSLN. The remaining mAb? compris-
ing the MSLN Fabs FS28-024-051, FS28-024-052, FS28-
024-053, FS28-256-021, and FS28-256-023 were not
affected in the presence of up to 20 nM and this is consistent
with affinity and cell binding data described above.

8.2 CD8. T Cell Assay Using OVCAR-3 for Crosslinking

Mesothelin positive cancers have a wide range of expres-
sion levels, and so it was desirable to evaluate the function-
ality of some of the mAb? which were identified to have
subnanomolar potency in Example 8.1 using cells which
have a lower MSLN density on their cell surface. To achieve
this, T cell activation assays were performed as described in
Example 8.1 above, but this time using the OVCAR-3 cell
line (ATCC® HTB-161). These are MSLN positive ovarian
carcinoma cells that endogenously express lower levels of
MSLN than NCI-H226 cells. The same protocol described in
Example 8.1 was followed with the following change: due
to differences in cell size and morphology, OVCAR-3 cells
were plated at 1x10* cells per well on to anti-CD3 antibody-
coated (8 pg/ml) 96 well flat bottom plates in 100 pl T cell
culture medium. Once cells had adhered after 4 hours
incubation, all T cell culture medium was removed and
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replaced with 50 ul T cell culture medium containing T cells
at a concentration of 8.0x10° cells/ml resulting in 4.0x10*
cells/well. The results confirm the ability of all tested mAb>
to drive IL-2 release when cross-linked with OVCAR-3 cells
(see FIG. 3). These data suggest that these mAb? have the
potential to work across a wide range of MSLN densities
across different tumour cell lines. The Fcab FS22-172-003 in
HelD1.3 Mock mAb? format (FS22-172-003/HelD1.3) was
also tested in this assay as this does not bind to MSLN and
the lack of IL-2 release indicated that the anti-human CD137
Fcab is only functional when crosslinked through the Fab
arms (MSLN in this case).
8.3 Functional Screening of Sequence-Optimised FS28-256
Affinity-Matured Clones

All mAb? containing anti-MSLN Fabs from the FS28-256
lineage described in Example 8.2 contain a potential
N-linked glycosylation site in the VH CDR2 that was
removed as described in Example 5.4. Three mAb? variants
with the following substitutions were produced: FS22-172-
003-AA/FS28-256-271, FS22-172-003-AA/FS28-256-272,
and FS22-172-003-AA/FS28-256-273 which contained the
amino acid substitutions, according to IMGT nomenclature,
NS55A, N55H, or HSSS, respectively. To demonstrate the
potency of these sequence optimised mAb®, CD8* T cell
activation assays were performed in co-culture with MSLN+
NCI-H226 cells as described in Example 8.1. mAb* were
also tested in the presence of soluble MSLN.

TABLE 12
Functional screening of optimised FS28-256 clones using
NCI-H226 cells, in the presence and absence of soluble MSLN.
EC50 (nM)

No +2 1M +20 1M
mAb? sMSLN sMSLN sMSLN
FS22-172-003-AA/FS28-256-271 0.1166 0.1390 0.3530
FS22-172-003-AA/FS28-256-272 0.1216 0.1299 0.6840
FS22-172-003-AA/FS28-256-273 0.0791 0.0616 0.3663

FIG. 4 and Table 12 shows the potency of these mAb? and
the effect of soluble MSLN on overall potency of the
molecule. mAb® FS22-172-003-AA/FS28-256-271 showed
the smallest decrease in potency of the three mAb? tested.
Consistent with data described Examples 8.1 and 7.2,
MSLN Fabs which bind with higher affinity to immobilised
MSLN compared to MSLN in-solution were less affected by
the presence of soluble MSLN: mAb® FS22-172-003-AA/
FS28-256-271 showed the smallest change in ECs, in the
presence of soluble MSLN compared to the absence of
soluble MSLN, with a 3-fold decrease in EC, being
observed. Consistent with the affinity measurements
reported in Example 7.1, this mAb? showed stronger affinity
for immobilised MSLN compared to in-solution MSLN.
Also consistent with Example 7.1, mAb?® FS22-172-003-
AA/FS28-256-272 and FS22-172-003-AA/FS28-256-273
bound in-solution MSLN with stronger affinity and this
translated to a great impact on ECs,, for these clones in this
assay in the presence of soluble MSLN compared to when
no soluble MSLN was present, as shown in FIG. 4. mAb?
FS22-172-003-AA/FS28-256-271 was therefore selected for
further characterisation.

8.4 Expression-Dependent CD137/MSLN mAb® Potency
Across Endogenous Cell Lines Expressing a Wide Range of
MSLN Levels and Across Multiple PBMC Donors

As mentioned in Examples 8.1 and 8.2, cancer patients

express heterogeneous levels of MSLN. It was therefore
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desirable to determine the potency of FS22-172-003-AA/
FS28-256-271 mAb* across a range of cells expressing
varying levels of MSLN. CD8"* T cell assays were per-
formed as described in Examples 8.1 and 8.2. In addition to
1L-2 measurement after 72 hours, IFNy production was also
measured after 96 hours using the V-PLEX human IFNy
MSD kit (Meso Scale Discovery, K151QOD-4) following
the manufacturer’s instructions.

TABLE 13

MSI.N-dependent mAb? activity across different tumour cell lines.

NCI-H226 OVCAR-3 AsPC-1 HEK.FRT

IL-2 Production (nM)

Domnor C 0.1111 N/A 0.7784 ND

Domnor D 0.1122 N/A 0.8409 N/A

Domnor E 0.0722 0.1453 N/A ND

Domnor F 0.0723 0.0693 N/A ND
IFNy Production (nM)

Domnor G 0.0332 N/A 0.1475 ND

Donor H 0.0732 0.0840 0.1636 N/A

Domnor T N/A N/A 0.3443 N/A

ND-tested, and no activity was detected, therefore ECs¢ not determined
N/A-not tested

In all assays reported in Table 13, mAb® FS22-172-003-
AA/FS28-256-271 was able to induce potent T cell activa-
tion when crosslinked by cells expressing different levels of
MSLN, as evidenced by subnanomolar potency for produc-
tion of IL-2 (72 h) and IFNy (96 h) (see Table 13). Inter-
estingly, IL-2 and IFNy production decreased with the
amount of MSLN present on the crosslinking cells, e.g.
when crosslinked with cells expressing low levels of MSLN
(AsPC-1). This decrease was less pronounced when mea-
suring [FNy compared to IL-2 production, however in all
cases the mAb® showed subnanomoalar potencies. In addi-
tion, when the mAb? were tested in co-culture with MSLN
negative HEK.FRT cells, the mAb? did not elicit any agonist
activity as evidenced by the lack of cytokine production.
Overall, these results suggest that the mAb? can induce T
cell activation even with low levels of MSLN and that the
level of T cell activation induced by the mAb? is dependent
on the level of MSLN present to crosslink the mAb?, and
therefore demonstrate that potency of the mAb? correlates
with MSLN expression density on cells.

Example 9: Production of an Anti-Mouse CD137
Fcab

in vivo Due to the low sequence homology between the
mouse and human CD137 sequences, Fcabs which specifi-
cally bound to mouse CD137 were generated and charac-
terised to allow the activity of mAb? containing a CD137
antigen-binding region in a constant domain to be tested in
in vivo mouse models.
9.1 Naive Selection of Anti-Mouse CD137 Fcabs

In order to select Fcabs that bind to human CD137, yeast
display selection campaigns were employed, similar to that
previously described for selection of Fcabs binding to
human CD137 (see Example 2.1). Recombinant mouse
dimeric was used as antigen (see Example 1).

The four naive yeast libraries displaying CH1 to CH3
domains of human IgG1 previously used for selection of

10

15

20

25

40

65

66

Fcabs binding to human CD137 were used for selections of
Fcabs binding to mouse CD137. A total of 53 separate
rounds of selections were performed to identify anti-mouse
CD137 binders. In-house-produced, recombinant, dimeric,
biotinylated mouse CD137 (mCD137-mFc-Avi) antigen was
used to select binders from the yeast naive libraries.

9.2 Characterisation of Anti-Mouse CD137 Fcabs from
Naive Selections

The specificity of the anti-mouse CD137 Fcabs for mouse
CD137 were tested in HelD1.3 “mock” mAb? format and
measured by BLI in an Octet QKe system by testing for
binding of the Fcabs to other mouse TNFRSF receptors
(CD40, 0OX40, GITR). Streptavidin biosensors (PALL
ForteBio 18-5021) to coat 10 ng/ul mouse CD40, GITR,
0X40 receptors (all obtained from R&D Systems and bioti-
nylated using an EZ-Link Sulfo-NHS-SS-Biotin kit from
Thermoscientific #21328). Anti-mouse CD137 Fcabs in
mock mAb? format were diluted 1:1 in kinetic buffer (PALL
18-1092) to a final concentration of at least 1 uM. Antigen-
coated sensors were dipped into the mAb? solutions for 180
seconds followed by 180 seconds in 1x kinetic buffer.
Antibodies for each of the TNFRSF receptors were used as
positive controls. The Fcab clones FS22m-055, FS22m-063,
FS22m-066, FS22m-075, FS22m-135, FS22m-055, FS22m-
063, FS22m-066 did not bind to any of the TNFRSF
receptors tested, thus demonstrating their specificity for
mouse CD137.

HEK.FRT.luc cells expressing the mouse CDI137
sequence (SEQ ID NO: 150 were produced following the
same methodology as previously described in Example 2.3.
The mAb? containing the anti-mouse CD137 Fcabs previ-
ously selected were screened using this cell line, HEK.FRT-
Jue.mCD137, according to the method described in
Example 2.3. 56 mAb*> were tested of which 29 were
positive for NF-kB activity. Lob12.3 containing a human
IgG1 Fe with a LALA mutation (G1AA/Lob12.3), was used
as a positive control anti-mouse CD137 mAb and showed an
increase in luminescence confirming the assay’s validity.
HelD1.3, also containing a human IgG1 Fc with a LALA
mutation, was used as a negative control human IgG isotype
to rule out interference from the human IgG mock Fab in this
assay. EC, were calculated where possible and mAb? which
did not reach a plateau in activity were disregarded in favour
of mAb? which showed classic sigmoidal activity kinetics.
mAb? were ranked in order of EC50 and fold-change in
activity upon Protein L crosslinking. FS22m-063 was
selected based on it having the best EC50 upon crosslinking
(1.44 nM) and highest fold-change in activity upon cross-
linking (27-fold).

Example 10: Selection and Characterisation of
Anti-Mouse MSLN Antibodies

10.1 Naive Selection of Anti-Mouse MSLN mAbs

The amino acid identity between mouse and human
MSLN is low (60%). To enable in vivo Proof of Concept
(PoC) studies in mice, the inventors set out to isolate
anti-mouse MSLN mAbs with similar properties as the
anti-human MSLN mAbs described in Example 4 and 5.

Phage selections, using the synthetic naive phagemid
libraries displaying the Fab domain of human IgG1 germ-
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lines with randomisation in the CDR1, CDR2 and CDR3
(MSM Technologies) were used for selections with bioti-
nylated mouse MSLN-His-Avi (SEQ ID NO143, see section
1.1) as described in section 1.2. Four rounds of selections
were performed with decreasing concentrations of bioti-
nylated mMSLN-His-Avi and similarly to the anti-human
MSLN selections, epitope masking strategies were per-
formed in a subsequent campaign. In addition, after a first
round of using recombinant antigen, HEK293-mMSLN cells
were generated and used in round 2, 3 and 4.

Briefly, cDNA encoding mouse MSLN (SEQ ID NO: 145
sequence was subcloned into the pcDNAS/FRT/TO vector
(Life Technologies, V652020) and then co-transfected with
the FIp recombinase expression plasmid, pOG44 (Life Tech-
nologies, V600520) into Flp-In TREx 293 cell lines (Life
Technologies, R78007). Cells were grown in DMEM con-
taining 10% FBS, 100 pg/ml Hygromycin B (Melford Labo-
ratories Ltd, Z2475) and 15 pg/ml Blasticidin (Melford
Laboratories Ltd, B1105) for 3-4 weeks until colonies of
stably transformed cells had formed. These colonies were
amplified in the presence of 1 pg/ml Doxycyclin (Sigma
Aldrich, D9891) and tested for expression of MSLN using
anti-mouse MSLN (LS Bio, LS-C179484).

In total 47 individual mAbs from enriched populations
were screened for antigen binding and 45 unique positive
binders were subcloned and expressed as soluble mAbs in
1gG1 LALA format as previously described in Example 1.3.
mAbs were characterised for specific binding to immobil-
ised mMSLN-His-Avi by ELISA and ranked based on
affinity to about 50 or 200 RU of immobilized mMSLN-
His-Avi in kinetic experiments using Biacore analysis. This
identified a panel of mAbs, including FS28m-228, with
affinities ranging from 1 to 25 nM. In addition, binding to
different regions of MSLN was tested as described in section
2.1.3. A mouse crossreactive mAb G1-AA/MOR6626, gen-
erated by cloning the VH and VL of MOR6626 clone (Patent
publication no WO 2009/068204 A1) was used as positive
control. Most clones, amongst which was FS28m-228, failed
to bind to MSLN that is already bound to MOR6626,
whereas others like FS28-194 or FS28-261 showed partial or
full binding respectively. Thus, clones binding to different
regions (bins) were isolated.

Summary: Anti-Mouse Fcab and mAb Selection and Screen-
ing

The anti-mouse CD137 Fcabs identified in the previous
examples were shown to have agonistic activity in NF-kB
reporter assays when crosslinked either by an external
cross-linking agent such as Protein L. (Example 9). Of the
panel of anti-human CD137 Fcabs identified, FS22m-066
was selected for pairing with mouse MSLN-targeting Fabs,
as this clone presented the most favourable functional and
biophysical properties.

Phage selection and antibody screening strategies led to
the identification of a panel of anti-mouse mesothelin bind-
ing clones with a range of affinities and which bind to
different regions of mMSLN. Like the anti-human MSLN
binders, the clones showed binding characteristics favouring
binding to immobilised mMSLN than soluble mMSLN
rendering them suitable molecules for studying in murine in
vivo PoC studies.
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Example 11: Production of Anti-Mouse
CD137/MSLN mAb?

As described in Example 10, a panel of naive anti-mouse
MSLN antibodies were discovered and screened for benefi-
cial binding and targeting properties. An anti-mouse CD137
Fcab was selected as described in Example 9. The anti-
mouse CD137 Fcab (FS22m-063) and anti-mouse MSLN
Fabs (FS28m-228 and FS28m-228-010) were used to gen-
erate mouse mAb? for full in vitro characterisation as well as
in vivo proof of concept MSLN-targeted CD137 agonism in
syngeneic mouse tumour models. The Fabs were chosen to
investigate the relationship between binding affinity, avidity
and functional activity. The mAb? have the LALA mutation
in the CH2 region of the heavy chain, with the purpose of
minimising the contribution of Fc-gamma receptor driven
cross-linking as well as effector function, were constructed
as described in Example 6 and given the identifiers FS22m-
063-AA/FS28m-228 (SEQ ID NO 136 (light chain), 137
(heavy chain)), and FS22m-063-AA/FS28m-228-010 (SEQ
ID NO 136 (light chain) and 166 (heavy chain), respectively.
The mAb®> were produced by transient expression in
HEK293-6E cells, and purified using mAb Select Sure
protein A columns.

11.1 Binding Kinetics

Like the anti-human MSLN binders, the affinity of the
mAb? for binding to immobilised and soluble MSLN was
tested by SPR using a Biacore instrument.

The procedure for binding to immobilised was similar to
the method described in Example 7.1 and 7.2 with mMSLN-
His-Avi immobilised at 50 RU. To determine the affinity for
soluble MSLN the mAb? was captured via an anti-human Fc.
Briefly, 25 pg/ml anti-human IgG (Fc) antibody (GE Health-
care, Human Antibody Capture Kit, BR100839) was immo-
bilised on a Biacore sensor chip CM5 (GE Healthcare,
BR100530) achieving a final response of approximately 750
RU. The mAb* molecule, diluted in HBS-EP buffer (GE
Healthcare, BR100188) at 50 nM, was injected individually
at 30 ul/min to achieve a response of approximately 100 RU.
The recombinant mMSLN-His-Avi antigen, diluted in HBS-
EP buffer, was injected at a concentration range of 243 nM
to 0.11 nM with 3-fold dilutions for 5 minutes at 70 ul/min
and then allowed to dissociate in buffer for 5 minutes.
Regeneration was achieved by injecting 3 M magnesium
chloride (GE Healthcare, Human Antibody Capture Kit,
BR100839) for 30 seconds at a rate of 30 pul/min.

The kinetic data is shown in Table 14. FS22m-063-AA/
FS28m-228-010 showed stronger binding to membrane
bound MSLN than soluble shed MSLN, likely due to
enhanced avid binding interactions. The affinity matured
mAb? FS22m-063-AA/FS28m-228-010 showed improve-
ment in binding to both immobilised MSLN and MSLN in
solution. FS28m-228-010 was chosen as it binds preferen-
tially to immobilised MSLN which is was deemed beneficial
to avoid a sink effect by circulating MSLN in blood. This
clone, like the human Fab FS28-256-271, bound immobil-
ised MSLN in the single-digit nanomolar range, preferen-
tially targeting immobilised MSLN over MSLN in solution.
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Binding of mouse CD137/MSLN mAb? to immobilised MSLN and MSLN in solution

as measured by SPR

Affinity to Affinity to in-

Ratio of K in

mAb? immobilised mMSLN- solution mMSLN- solution/immobilised for
(FS22m-063-AA/) His-Avi K5 (nM) His-Avi K5 (M)  human MSLN-His-Avi
FS28m-228 7.90 252 31.9
FS28m-228-010 2.6 60.24 23.2

11.2 Functional Activity of Mouse CD137/MSLN mAb?
Using Mouse MSLN Positive Cells

Activated cytotoxic CD8" T cells are responsible for
directly killing cancer cells and express CD137 on their cell
surface (Ye et al., 2014). Clustering of CD137 is known to
be essential to induce downstream signalling and further
CD8* T cell activation. A CD8" T cell activation assay was
therefore used to assess the ability of mAb? to drive clus-
tering and subsequent downstream signalling of CD137.
CD8* T cell activation was achieved by antigen stimulation
of genetically modified OT-1 T cells isolated from C57
BL/6-Tg(TcraTerb)1100Mjb/Crl OT-I mice (Jackson Labo-
ratory, Cat no. 003831) that have a T cell receptor specific
for ovalbumin peptide 257-264, and was determined by the
release of IFNy.

To isolate T cells, splenocytes were isolated from fresh
OT-1 mouse spleens. Briefly, each spleen from a C57Bl/6
OT-1 mouse was collected and stored in PBS before being
transferred to a well of a 6-well tissue culture plate and
mechanically disrupted with 2 needles. The disrupted spleen
was passed through a 70 pm cell strainer and the strainer was
rinsed with PBS. The cell suspension was then pelleted by
centrifugation, the supernatant removed and red blood cells
were lysed through the addition of 10 ml 1x red blood cell
lysis buffer (eBioscience, 00-4300-54) according to the
manufacturer’s instructions. Splenocytes were plated for T
cell activation at 2x10° cells per well in medium (IMDM,
5% FCS, 50 uM 2-Mercapto Ethanol, 1x Penstrep) contain-
ing 10 nM SIINFEKL peptide in 6-well plates at 10x10°
cells per well. Plates were incubated for 48 hours at 37'C
with 5% CO2. After 48 hours CD8 T cells were isolated by
using a CD8"* T cell Isolation Kit (Milentyi Biotec, 130-
104-075) following manufacturer’s instructions. Isolated
and activated CD8 T cells were plated in medium (IMDM,
5% FCS, 50 uM 2-Mercapto Ethanol, 1x Penstrep) supple-
mented with 30 U/ml IL-2 (Peprotech, AF-200-02) and kept
at less than 1x10° per ml at each daily split for 3 further
days. After the three days of expansion cells were then used
in the following assay.

CD8* T cells used in this example originated from two
separate animals and splenocyte expansions performed 18
months apart and therefore variance in T cell activation
between specimen A and B is expected.

CT26 colon carcinoma cells (ATCC, CRL-2638) express-
ing full-length mouse mesothelin (SEQ ID NO:145), were
produced to present the antigen in a membrane-bound
conformation. Lipofection (Lipofectamine 3000, Thermo
Fisher Scientific, catalogue number 1.3000008) was used to
generate these cells using the pcDNA3.1 vector (+) (Thermo
Fisher Scientific, catalogue number V79020). Following the
manufacturer’s protocol, the CT26 cells were transfected
with the pcDNA3.1 vectors containing the mouse MSLN
cDNA A stable transfection was then achieved using gene-
ticin as the selection antibiotic (at 600 pg/ml) in complete
media (RPMI, 10% FBS).
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Expression of mouse MSLN on the CT26 cells was
confirmed by flow cytometry by using the positive control
antibody MOR6626. Cells were incubated with the positive
control antibody for 1 hour and then a fluorescently-labelled
anti-human IgG detection antibody (Stratech Scientific Litd,
catalogue no. 109-546-098-JIR) was used to detect cell
binding. Clonal populations were expanded and subse-
quently analysed to determine the relative expression levels
using the same flow cytometric procedure, after which two
clones expressing mouse MSLN at different levels were
progressed as tools to study the anti-mouse MSLN Fabs:
CT26.B2 (High MSLN expression) and CT26.G10 (Me-
dium/Low MSLN expression). To provide cells having a
range of MSLN expression Panc02 cells NIC/NIH (Mary-
land, USA) which express MSLN endogenously were also
used. These cells expressed lower levels of MSLN in vitro
and ex vivo showed cytosolic expression as determined by
THC (data not shown). Mesothelin expression was subse-
quently also confirmed ex vivo by IHC (data not shown)

CT26.B2, CT26.G10 and Panc02 cells were incubated
with the SIINFEKL peptide (500 nM), 2x10* OT-1 cells per
well were added to the MSLN™ cells in 50 ul media. Test
antibodies were prepared in a 1:4 titration starting at 60 nM
(4x final concentration) and 50 pl of antibody mix was added
to each well accordingly resulting in a final assay volume of
200 pl. The assay was incubated for 3 days at 37° C. with 5%
CO2. After 3 days, supernatants were harvested and an
ELISA for mIFNy (eBioscience, cat no. 88-7314-88) was
performed according to manufacturer’s instructions.

The mouse CD137/MSLN mAb? were screened in this T
cell assay in the absence and presence of soluble mouse
MSLN. Commercially available mouse mMSLN-His Biole-
gend (#594008). Analysis of blood serum from mice carry-
ing CT26.G10 tumours determined the median concentra-
tion of MSLN in blood to be 100 uM (data not shown).
Therefore, in order to study interference with soluble
MSLN, up to 2 nM was used in the functional assay.

As shown in Table 15 and FIG. 5, mAb? FS22m-063-AA/
FS28m-228-010 had greater potency than the parental
FS22m-063-AA/FS28m-228 when crosslinked by the
CT26.G10 cell line. The following negative controls were
also tested in one assay, which as expected did not result in
any cytokine readout: the FS22m-063 Fcab in mock mAb?
format (HelD1.3), and a MSLN-targeting positive control
(GI/MOR6626). As shown in FIG. 5, the presence of 2 nM
soluble MSLN had minimal impact on IFNy release with all
EC,, values in the low picomolar range with the exception
of Panc02 cells which express less membrane MSLN than
the engineered MSLN* CT26 cells. Similarly to the human
mAb2, the level of T cell activation induced by the mAb2 is
dependent on the level of MSLN present on the crosslinking
cells.
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Mouse CD137/MSLN mAb? potency with MSLN positive cells in an OT-1 T cell assay

CT26.G10 CT26.B2

Panc02

mAb? -sMSLN  +sMSLN -sMSLN

+sMSLN

-sMSLN  +sMSLN

FS22m-063-AA/FS28m-228
FS22m-063-AA/FS28m-228-010

0.0357 0.0836 NM

0.0010 0.0013 0.0014

0.0033

NM

0.1034 0.1251

NM = Not measured

Example 12: In Vivo Proof of Concept

Having shown that the mAb? had function in a T cell
assay, it was desirable to test the function of the mAb?
FS22m-063-AA/FS28m-228 in vivo in a syngeneic immu-
nocompetent tumour model.

12.1 Efficacy of FS22m-063-AA/FS28m-228 In Vivo in a
CT26.B2 Syngeneic Tumour Model

In order to determine anti-tumour efficacy of FS22m-063-
AA/FS28m-228 in a high MSLN-expressing tumour model,
Balb/C female mice (Charles River) aged 9-10 weeks were
acclimatised for one week prior to the study start. All
animals were micro-chipped and given a unique identifier.
Each cohort had either 15 or 20 mice. CT26.B2 cells were
expanded and cell banks generated, then pre-screened by
IDEXX Bioresearch for pathogens using the IMPACT I
protocol and shown to be pathogen-free. Each animal
received 1x10" cells injected subcutaneously in the left flank
in 100 pl serum free media. 17 days following tumour cell
inoculation, mice which did not have tumours were removed
from the study.

The FS22m-063-AA/FS28-228 mAb? (SEQ 1D NO: 360
and 361) or human IgGl isotype control (G1-AA/4420)
were injected with 200 pl of antibodies at a fixed concen-
tration of 200 ng per dose (approximately 10 mg/kg in a 20
g mouse) in DPBS+1 mM arginine+0.05% Tween 80. Mice
were dosed by intraperitoneal injection with the mAb?
molecule on days 17, 19 and 21 days post inoculation,
whereas mice were dosed with the control human I1gGl
antibody on days 7, 9 and 11 post inoculation. Tumour
volume measurements were taken three times per week with
calipers to determine the longest axis and the shortest axis of
the longest axis and the shortest axis of the tumour. The
following formula was used to calculate the tumour volume:

Lx($H)2

Where [=longest axis; S=shortest axis

The study endpoint was determined by humane endpoints
based on tumour volume and condition.

As shown in FIG. 6, treatment with the FS22m-063-AA/
FS28m-228 mAb? showed a visual delay in tumour growth
compared to mice treated with isotype control (G1/4420).

Time-to-Endpoint (survival) analysis was performed
using GraphPad Prism 8.0 software. Data shown in FIG. 7
and Table 15 were analysed using the Log-rank (Mantel-
Cox) test. Data showed that the FS22m-063-AA/FS28m-228
mAb? induced a significant survival benefit compared to
isotype control (G1/4420), by log-rank analysis. The median
survival of the IgG1 control group was 33.5 days, whereas
the median survival of FS22m-063-AA/FS28m-228 was not
reached.
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TABLE 15

Time to endpoint pairwise statistical analyses

(Log-rank) in CT26.B2 syngeneic tumour model

P-values

Groups Log-rank

G1/4420
FS22m-063-AA/FS28m-228

0.0052 **

NS p = 0.05;

* p < 0.05;

= p < 0.01;
*ok < 0,001
*EEE < 0.0001

12.2 Efficacy of FS22m-063-AA/FS28m-228 In Vivo in a
CT26.G10 Syngeneic Tumour Model

The efficacy of the FS22m-063-AA/FS28m-228 mAb?
was also tested in CT26.G10 syngeneic tumour model.
CT26.G10 cells express lower levels of MSLN compared
with CT26.B2 cells. The same procedure as described in
Example 12.1 was followed, except that the CT26.G10 cell
line was used to inoculate the mice. Mice were dosed with
a 200 pl intraperitoneal injection of FS22m-063-AA/
FS28m-228 mAb? on days 12, 14 and 16 days post inocu-
lation, and or (G1/4420 control antibody on days 7, 9 and 11
post inoculation. Mice were administered with a fixed dose
of 200 pg/mouse (equivalent to approximately 10 mg/kg in
a 20 g mouse).

As shown in FIG. 8, the FS22m-063-AA/FS28m-228
mAb? treated mice showed reduced tumour growth com-
pared to mice treated with isotype control, with a notable
delay in tumour volume increase being observed in FS22m-
063-AA/FS28m-228-treated mice compared to the
(G1/4420-treated group. Moreover, whereas %20 (5%) of mice
were tumour-free following treatment with G1/4420, %40
(20%) of mice were tumour-free following treatment with
FS22m-063-AA/FS28m-228 at the end of the study. In
addition, as shown in FIG. 9 and Table 16, this translated to
a significant improvement in tumour-free survival, as
assessed using pairwise log-rank analysis. Specifically, the
median survival increased from 25 days ((G1/4420) to 29
days with FS22m-063-AA/FS28m-228.
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TABLE 16

Number and percentage of tumour-free mice (tumours = 62.5 mm?>) by
the end of study, median survival (in days) and pairwise statistical
analyses (Log-rank) of survival in CT26.G10 syngeneic tumour model

Tumour-free mice Median Survival P-values
Groups at study end (Days) Log-rank
G1/4420 1/20 (5%) 25 0.0062 **
FS22m-063-AA/  4/20 (20%) 29
FS28m-228
NS p = 0.05;
* p < 0.05;
% b < 0.0,
< 0,001

w5 < 0,0001

The mAb® and isotype controls contained the LALA
mutation, so the observed tumour growth inhibition cannot
have been the result of ADCC activity as the LALA mutation
significantly reduced the ability of the antibodies to bind to
Fey receptors. It is therefore assumed that no anti-tumour
activity would be seen in mice treated with the the LALA
mutation-containing anti-MSLN mAb alone. However, the
mAb? containing the LALA mutation was capable of sig-
nificant tumour growth inhibition even when the LALA
mutation was present, which is thought to be due to cross-
linking of the mAb? by the Fab arms binding to MSLN on
the cell surface driving clustering and activation of CD137
on immune cells, resulting in the anti-tumour activity of the
mAb>.

Example 13: In Vivo Characterisation of Affinity
Matured Anti-Mouse CD137/MSLN
(FS22m-063-AA/FS28m-228-010) mAb>

13.1 Dose-Response Activity of an Affinity Matured CD137/
MSLN mAb? in a CT26.G10 Syngeneic Mouse Tumour
Model

Significant anti-tumour efficacy and improvement in sur-
vival was observed in syngeneic tumour models expressing
high levels of mouse MSLN (CT26.B2) as well as in
tumours expressing lower levels of mouse MSLN
(CT26.G10) when treated with FS22m-063-AA/FS28m-228
mAb? (Example 12). It was therefore desirable to investigate
the anti-tumour efficacy of the affinity matured FS22m-063-
AA/FS28m-228-010 in vivo at a range of doses (6, 20, 60
and 200 pg/mouse, equivalent to approximately 0.3, 1,3 and
10 mg/kg in a 20 g mouse).

Balb/c female mice (Charles River) aged 9-11 weeks and
weighing 17.0-25.2 g each were acclimatised for one week
prior to the study start. All animals were micro-chipped and
given a unique identified. Each cohort had 20 mice. The
CT26.G10 colon carcinoma cell line described in Example
11.2, was expanded and cell banks generated. Each animal
received 1x10° cells injected subcutaneously in the left flank
in 100 pl serum free media. 12 days following tumour cell
inoculation, mice which did not have tumours were removed
from the study.

The FS22m-063-AA/FS28m-228-010 mAb® was pre-
pared and injected intraperitoneally (IP) into mice at a fixed
final concentration according to the dose range described
above. The human IgG1 isotype control, (G1-AA/4420) and
the anti-CD137 positive control antibody Lob12.3 (G1l/
Lob12.3) both in human IgG1 backbone and containing the
LALA, were included at a dose of 20 pug (~1 mg/kg in a 20
g mouse). All antibodies were prepared in DPBS+1 mM
arginine+0.05% Tween 80. Each mouse received the mAb?
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molecule or the control antibody by 200 ul IP injection on
days 12, 14 and 16 following tumour inoculation. Tumour
volume measurements were taken three times per week
using calipers as described in Example 12.1, and mice were
monitored closely. The study endpoint was determined by
humane endpoints based on tumour volume and condition.

STATA/IC 15.1 software was used to implement a mixed
model for analysis of the tumour growth rate. Statistical
significance was shown pairwise for growth rates over the
full time of study using the Mixed Model analysis compar-
ing all groups. A separate model was fitted to each pair of
treatments of interest. The model was:

log 10(volume)=A+Bx(day-start day)+EA and B are the
intercept and slope respectively; they are different for each
mouse, and include a fixed effect for the group and a random
effect for the animal:

A=A0+A41T+eA

B=B0+B1T+eB

T is a dummy variable representing the treatment group
with value 0 in one group and 1 in the other. The random
effects are distributed with a normal distribution:

e4~(0,04),eB~N(0,0B)

where oA and oB are the standard deviations of the inter-
animal variability in the intercept and slope respectively.
The intra-animal variability is also normally distributed with
standard deviation o:e~(0,0)

For each pair of treatments, the model above was fitted to
the data. For Al and Bl, the (two-sided) p-value for a
difference from zero was calculated; a p-value below 0.05 is
statistically significant evidence for a difference between the
treatment groups.

As shown in FIG. 10, the FS22m-063-AA/FS28m-228-
010 mAb* reduced tumour growth at all dose levels in
comparison to the mice treated with the isotype control. All
animals bearing tumours measuring equal or below 62.5
mm? at the end of the study were counted as fully responding
animals (see Table 17). 30%, 20%, 20% and 10% of animals
treated with FS22m-063-AA/FS28m-228-010 mAb? at 10,
3,1 and 0.3 mg/kg, respectively, were deemed to be tumour-
free, in comparison to anti-CD137 antibody, G1/Lob12.3
(15%) and G1-AA/4420 isotype control treated animals
(0%).

In addition, Table 17 shows a pairwise comparison of the
growth rates over the full course of the study using Mixed
Model analysis, comparing all groups to the human IgG1
isotype control treatment group. None of the mice showed
signs of overt toxicity nor adverse effects, and all treatments
were well tolerated in mice.

Survival analysis (FIG. 11 and Table 18) showed that at all
dose levels the FS22m-063-AA/FS28m-228-010 mAb?
induced a significant anti-tumour response in comparison to
isotype control (G1-AA/4420)-treated mice, and this
response appeared to be dose-dependent. In addition, Table
18 shows a summary of median survival in days for each
group, where treatment with 10 mg/kg, 3 mg/kg, 1 mg/kg
and 0.3 mg/kg of the mouse CD137/MSLN mAb? increased
the median survival from 29.5 days (G1-AA/4420) to 36.5,
37.5, 35 and 31 days, respectively.
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TABLE 17

76

Number and percentage of tumour-free mice (tumours = 62.5 mm?) by the end of

study, and pairwise statistical analyses (Mixed model) comparing all treatment groups to G1-

AA/4420 control in CT26.G10 syngeneic tumour model.

P-values
Tumour-free
mice at study

Groups end

Mixed Model Analysis
comparing treatment groups
to G1-AA/4420 control

G1-AA/4420 1 mg/kg

G1/Lob12.3 1 mg/kg
FS22m-063-AA/FS28m-228-010 10 mg/kg
FS22m-063-AA/FS28m-228-010 3 mg/kg
FS22m-063-AA/FS28m-228-010 1 mg/kg
FS22m-063-AA/FS28m-228-010 0.3 mg/kg

119 (0%)

3/20 (15%)
6/20 (30%)
4/20 (20%)
4/20 (20%)
2/20 (10%)

<0.000] ek
<0.000] ek
<0.000] ek
<0.000] ek
<0.000] ek

NS p = 0.05;

* p < 0.05;
**p < 0.01;
ek < 0.001;
*#xE 5 < 0.0001

TABLE 18

Median survival times for animals treated with each compound, and pairwise

statistical analyses (Log-rank) comparing all treatment groups to G1-AA/4420 control in

CT26.G10 syngeneic tumour model.

Median P-values

Survival Log-rank Analysis comparing treatment

Groups (Days) groups to G1-AA/4420 control
G1-AA/4420 1 mg/kg 29.5

G1/Lob12.3 1 mg/kg 31.5 0.0137 *
FS22m-063-AA/FS28m-228-010 10 mg/kg  36.5 0.0007 ***
FS22m-063-AA/FS28m-228-010 3 mg/kg 37.5 0.0016 **
FS22m-063-AA/FS28m-228-010 1 mg/kg 35 0.0019 **
FS22m-063-AA/FS28m-228-010 0.3 mg/kg 31 0.0308 *
NS p = 0.05;

* p < 0.05;

% b < 0.0,

e < 0,001

w5 < 0.0001

Similar to the FS28m-228 MSLN Fab in CD137/MSLN
mAb® format, the FS28m-228-010 Fab in CD137/MSLN
mAb? format also resulted in a significant reduction in
tumour growth compared to isotype control. Moreover, the
dose-dependent significant improvement in survival with
mAb? suggests that cross-linking of the mAb? to MSLN
target by the Fab arms drives agonism of CD137, and
therefore the anti-tumour efficacy observed in vivo.

13.2 Anti-Tumour Efficacy of FS22m-063-AA/FS28m-228-
010 in Comparison with its Component Parts in a CT26.G10
Syngeneic Tumour Model

Having shown that FS22m-063-AA/FS28m-228-010, had
significant anti-tumour efficacy and improved survival in
tumour-bearing mice, it was desirable to determine whether
the mAb® demonstrated superior anti-tumour activity in vivo
compared to its individual component parts. Treatment with
the mouse MSLN antibody (G1-AA/FS28m-228-010), the
CD137 Fcab in “mock” mAb® formats (FS22m-063-AA/
HelD1.3 and FS22m-063-AA/4420), combinations of the
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Mouse MSLN antibody and the CD137 Fcab in mock mAb?
format (i.e. G1-AA/FS28m-228-010 plus FS22m-063-AA/
HelD1.3), and FS22m-063-AA/FS28m-228-010 mAb* were
compared to treatment with the human isotype control
antibody (G1-AA/HelD1.3).

Mice were prepared according to Example 13.1 and
inoculated with the CT26.G10 colon carcinoma cell line. All
cohorts had 20 mice, with the exception of FS22m-063-AA/
4420 which had 10 mice.

FS22m-063-AA/FS28-228-010 mAb?, G1-AA/FS28m-
228-010, FS22m-063-AA/HelD1.3, FS22m-063-AA/4420
and G1-AA/HelD1.3 antibodies were all prepared at 200 ng
per dose (approximately 10 mg/kg in a 20 g mouse) and
injected at a fixed dose intraperitoneally (IP) into mice. In
addition, both the CD137 mock mAb? and MSLN antibody
were prepared at 200 pg per dose (approximately 10 mg/kg
in a 20 g mouse) for the combination groups. All antibodies
were prepared in DPBS+1 mM arginine+0.05% Tween 80.
Similar to the dosing regimen in Example 13.1, each mouse
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received the antibodies by 200 pl intraperitoneal injection on
days 12, 14 and 16 (q2dx3) following tumour inoculation.
Tumour volume measurements were made three times per
week using calipers as described in Example 12.1, and mice
were monitored closely. The study endpoint was determined
by humane endpoints based on tumour volume and condi-
tion.

As shown in FIG. 12, treatment with the FS22m-063-AA/
FS28m-228-010 mAb?> resulted in significantly reduced
tumour growth compared to mice treated with the G1-AA/
HelD1.3 isotype control. All animals bearing tumours mea-
suring equal or below 62.5 mm? at the end of the study were
counted as fully responding animals (see Table 19). 740
(35%) of FS22m-063-AA/FS28-228-010 mAb>-treated ani-
mals were deemed to be complete responders to treatment at
the end of study, compared to Y20 (5%) of the G1-AA/
FS28m-228-010-treated mice and 0/20 (0%) of the G1-AA/
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HelD1.3 isotype control, FS22m-063-AA/HelD1.3, FS22m-
063-AA/4420, and combination of FS22m-063-AA/
HelD1.3 plus G1-AA/FS28m-228-010-treated mice.

In addition, Table 19 shows pairwise comparison of the
growth rates over the full course of the study using Mixed
Model analysis, comparing all groups to the GI1-AA/
HelD1.3 isotype control.

Survival analysis (FIG. 13 and Table 20) showed that the
FS22m-063-AA/FS28m-228-010 mAb? induced a signifi-
cant survival benefit in comparison to the G1-AA/HelD1.3
antibody, whereas the components did not result in a sur-
vival advantage. In addition, treatment with the FS22m-063-
AA/FS28m-228-010 mAb? resulted in an improved median
survival of 42.5 days compared with G1-AA/HelD1.3 (29
days), FS22m-063-AA/HelD1.3 (30 days), FS22m-063-AA/
4420 (29 days), G1-AA/FS28m-228-010 (30 days) and
combination of FS22m-063-AA/HelD1.3 with G1-AA/
FS28m-228-010 (29 days).

TABLE 19

Number and percentage of tumour-free mice (tumours = 62.mm?>) by the end of
study, and pairwise statistical analyses (Mixed model) comparing all treatment groups to G1-

AA/HelD1.3 control in CT26.G10 syngeneic tumour model.

P-values
Tumour-free Mixed Model Analysis comparing all
mice at study treatment groups to G1-AA/HelD1.3

Groups end control
G1-AA/HelD1.3 10 mg/kg 0/20 (0%)
G1-AA/FS28m-228-010 10 mg/kg 1/20 (5%) 0.4367 NS
FS22m-063-AA/HelD1.3 10 mg/kg ~ 0/20 (0%) 0.0017 ***
FS22m-063-AA/4420 10 mg/kg 0/10 (0%) 0.7067 NS
G1-AA/FS28m-228-010 10 mg/kg + 0/20 (0%) 0.2093 NS
FS22m-063-AA/HelD1.3 10 mg/kg
FS22m-063-AA/FS28m-228-010 7/20 (35%)  0.0000 ***x*
10 mg/kg
NS p = 0.05;
* p < 0.05;
% b <001,
< 0,001
w5 < 0,0001

40

TABLE 20

Median survival times for animals treated with each compound, and pairwise

statistical analyses (Log-rank) comparing all treatment groups to G1-AA/HelD1.3 control in

CT26.G10 syngeneic tumour model.

Groups

Median P-values
Survival Log-rank Analysis comparing all treatment
(Days)  groups to G1-AA/HelD1.3 control

G1-AA/HelD1.3 10 mg/kg

29

G1-AA/FS28m-228-010 10 mg/kg 30 0.993 NS
FS22m-063-AA/HelD1.3 10 mg/kg 30 0.3952 NS
FS22m-063-AA/4420 10 mg/kg 29 0.9645 NS
G1-AA/FS28m-228-010 10 mg/kg +29 0.4706 NS

FS22m-063-AA/HelD1.3 10 mg/kg

FS22m-063-AA/FS28m-228-010

10 mg/kg

42.5 <0.0001 ***x*

NS p = 0.05
*p < 0.05;
b < 0.01;

>

< 0,001

w5 < 0,0001
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These data demonstrate that a bispecific molecule target-
ing both CD137 and MSLN is required for in vivo activity,
since the mAb? results in tumour growth inhibition at a level
which is not observed when the individual components of
the mAb2 are administered either alone or in combination.
13.3 Liver Pharmacology of Anti-Mouse CD137/MSLN
mAb® in CT26.G10 Syngeneic Mouse Tumour Bearing
Model

Anti-CD137 mAb treatment of solid tumour patients with
urelumab in investigative clinical trials has resulted in
severe treatment related immune events which have been
shown to be related to the dose of urelumab administered.
The effects of these immune events manifested in the liver
as severe hepatoxicity (Segal, N. H., et al., 2017).

Preclinical mechanistic work undertaken in mice wherein
animals were dosed using CD137 agonistic tool antibodies
has shown similar hepatotoxicity. These studies showed a
requirement for T cells and CD137 in the resultant hepato-
toxicity (Niu, L., et al. 2007 and Dubrot J; et al. 2010).
Although poorly understood, the interplay between the
myeloid and T cell compartments has also been shown to be
important in initiating the inflammatory cascade leading to
liver damage and hepatotoxicity (Bartkowiak, T et al.,
2018). Therefore, these animal models have translational
relevance for the clinic in predicting the risk of hepatoxicity
in human patients following administration of other CD137
agonists, such as a CD137/MSLN mAbZ.

Mice from the CT26.G10 syngeneic tumour studies
described in Examples 13.1 and 13.2, showed no overt signs
of toxicity following repeated dosing with FS22m-063-AA/
FS28m-228-010 mAb?. To determine whether in these ani-
mals the immune activation correlated with hepatotoxicity
mice were dosed following a similar dosing regimen as
shown in Examples 13.1 and 13.2, mice were culled at four
time-points post dosing and liver samples were taken at
necropsy for histological assessment.

Mice were prepared as described in Example 13.1, and
mice were inoculated with the CT26.G10 colon carcinoma
cell line. Each cohort consisted of 24 mice. FS22m-063-
AA/FS28-228-010 mAb* (CD137/MSLN) and G1-AA/4420
(human IgG1 isotype control) antibodies were prepared in
DPBS+1 mM arginine+0.05% Tween 80 at 200 pg per dose
(approximately 10 mg/kg in a 20 g mouse) and injected
intraperitoneally (IP) into mice at a fixed dose. Each mouse
received the antibodies by 200 pl intraperitoneal injection on
days 12, 14 and 16) following tumour inoculation. Tumour
volume measurements were made three times per week
using calipers as described in Example 12.1, and mice were
monitored closely. Six mice per group were necropsied 2, 5,
8 and 11 days after the last dose administration, and liver
samples were formed fixed and paraffin embedded. Sections
of liver were then cut and subjected to histopathological
evaluation via haematoxylin and eosin staining and scoring
of liver inflammation and damage by an independent, cer-
tified veterinary pathologist.

A scoring system was used to assess liver pathology in the
haematoxylin and eosin stained sections. Liver was scored
for pathology corresponding to multifocal mixed inflamma-
tory cells, multifocal degenerate hepatocytes, increased
hepatocyte mitoses and portal mixed inflammatory cell
infiltrate. The frequency of mice showing minimal, mild and
moderate effects within each group are shown in Table 21.

FS22m-063-AA/FS28-228-010 mAb® treated animals
presented with minimal liver pathology, specifically:

Minimal multifocal mixed inflammatory cells (primarily

granulocytes) located throughout the parenchyma

Minimal degenerating hepatocytes scattered throughout

the parenchyma

Minimal degenerating hepatocytes

Minimal mixed inflammatory cells in portal tracts
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TABLE 21

Liver pharmacology results

FS22m-063-AA/
G1-AA/4420 FS28m-228-010
10 mg/kg 10 mg/kg

Liver histopathology D2 D5 D8 D11 D2 D5 D8 DIl

Multifocal mixed inflammatory

cells (primarily granulocytes,

parenchymal/central vein)

Minimal 0o 0 o0 0 o 1 2 4
Mild 0o 0 o0 0 0 0 o0 0

Multifocal degenerate
hepatocytes (parenchymal)

Minimal 0o 0 o0 0 0o 2 2 4
Mild 0o 0 o0 0 0 0 o0
Increased hepatocyte
mitoses (parenchymal)

<

Minimal 1 1 4 1 0 4 4 3
Mild 0o 1 1 0 1 0 1 2
Moderate o 0 0 0 o 1 0 1

Portal mixed inflammatory
cell infiltrate

Minimal 0 1 0 2 1 2 1 2

These findings do not represent hepatotoxicity, as
observed with other examples of anti-CD137 agonist anti-
bodies. In addition, given that the mAb? agonizes CD137 via
crosslinking mediated through MSLN binding, and MSLN
is predominantly overexpressed on the cell surface of
tumour cells, but not in the liver (Ordofiez 2003, 14576474),
it is expected that CD137 agonism will be limited to the
tumour microenvironment.

13.4 Mechanism of Action of Anti-Mouse CD137/MSLN
mAb? in a CT26.G10 Syngeneic Mouse Tumour Model

With limited liver pharmacology observed following
repeated dosing with the CD137/MSLN mAb? (Example
13.3), and to further understand the pharmacology of the
anti-tumour response observed with FS22m-063-AA/
FS28m-228-010, the mechanism of action of CD137/MSLN
mAb? in a MSLN-positive syngeneic tumour model was
investigated.

Mice were prepared as described in Example 13.1, and
inoculated with the CT26.G10 colon carcinoma cell line.
Each cohort consisted of 20 mice. FS22m-063-AA/FS28-
228-010 (CD137/MSLN) mAb?, human IgG1 isotype con-
trol (G1-AA/4420) and an anti-CD137 agonist antibody
(clone 3H3; G1/3H3) was also included for comparison. All
three antibodies were prepared at 134 ug per dose (approxi-
mately 6.7 mg/kg in a 20 g mouse) in DPBS+1 mM
arginine+0.05% Tween 80 and injected intraperitoneally (IP)
into mice. Each mouse received the antibodies by one 200
ul intraperitoneal injection at a fixed dose of 134 ug on day
20 following tumour inoculation. Tumour volume measure-
ments were made three times per week using calipers as
described in Example 12.1, and mice were monitored
closely.

Six mice per group were necropsied 24, 72, 144 and 192
hours post dose at day 20 following tumour inoculation.
Spleen, blood and tumour tissue were taken for analysis
from CT26.G10 tumour-bearing mice treated with either
FS22m-063-AA/FS28-228-010, G1-AA/4420, or G1/3H3.
All samples were investigated for T cell abundance and
proliferation by flow cytometry, as T cell activation and
proliferation markers are known to be downstream effects of
CD137 agonism (Fisher et al., 2012). In addition, serum
from blood was also collected for detection and quantifica-
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tion of soluble MSLN expression. Spleen and tumour tissue
were disaggregated to single cell suspension by standard
mechanical and enzymatic methods, and red blood cells
were lysed once in red blood cell lysis buffer (Miltenyi
Biotec Ltd., 130-094-183). Blood was collected by terminal
cardiac bleed, and half collected into EDTA-containing
tubes for single cell analysis by flow cytometry and half of
blood was collected into clotting activator/serum tubes for
analysis of soluble MSLN. Whole blood collected in EDTA-
containing tubes were lysed three times in red blood cell
lysis buffer (Miltenyi Biotec Ltd., 130-094-183) according
to Manufacturer’s instructions. Blood collected in serum
tubes was fractionated by centrifugation and serum removed
for analysis of soluble MSLN.

Single cells from spleen, tumour and blood were then
treated the same, and cells were washed once with PBS and
samples stained with fixable viability dye (eBioscience,
65-0865-14). Cells were subsequently stained for cell sur-
face markers with an antibody staining panel shown in Table
22 (all but intracellular markers, Ki67 and FoxP3), in the
presence of Fc block (eBioscience, 16-0161-85 at 1:25) for
45 minutes at 4° C. Cells were then fixed and permeabilised
with the eBioscience FoxP3 staining kit (eBioscience,
00-5523-00) according to manufacturer’s instructions. Cells
were resuspended in 100 ul permeabilization buffer with
intracellular markers Ki67 and FoxP3 antibodies and incu-
bated overnight at 4° C. in the dark. Prior to acquisition on
a BD Fortessa flow cytometer, cells were washed once with
permeabilization buffer and resuspended in 120 ul PBS
containing 0.5% BSA. Data was acquired using BD FACS
Diva software, and analysed with Flowlo (V10), and
Microsoft Excel. The data shows the abundance and prolif-
eration of CD8* T cells at 144 hours following dosing, as a
percentage of the parental population.

TABLE 22

Flow Cytometry panel

Target Clone Fluorophore Manufacturer ~ Cat No.
CD45 30-F11 Alexa700 eBioscience 56-0451
CD3e 145-2C11  PE-Cy7 eBioscience 25-0031-82
CD8 53-6.7 BUV737 BD Bioscience 564297
CD4 RM4-5 BUV395 BD Bioscience 740208
FoxP3 FIK-16s  PerCP-Cy5.5 eBioscience 45-5773
CD49b DX5 Bv421 Biolegend 563063
CD103 M290 BV786 BD Bioscience 3564322
CD137 17B5 APC eBioscience 106110
CD69 H1.2F3 BV510 Biolegend 104505
PD1 29F.1A12 FITC Biolegend 135220
Ki67 SolAlS PE eBioscience 12-5698-82
Viability N/A eFluor780 eBioscience 65-0865-14
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As shown in Table 23, an increase in the percentage of
CD8* T cells in the tumour was observed at 144 hours
following dosing with G1/3H3 and FS22m-063-AA/FS28-
228-010 mAb?, compared to the control treatment group
(G1-AA/4420). The mean percentage of CD8* T cells in the
tumour increased from 32.1% (G1-AA/4420) to 56.1% with
G1/3H3 and 58.4% with FS22m-063-AA/FS28m-228-010
at 144 hours post dose.

In addition, an increase in the abundance of CD8* T cells
was also observed in the blood and spleen, but only with
G1/3H3 in comparison to IgG1 control. In the blood at 144
hours post dose, the mean percentage of CD8* T cells
increased from 22.6% (G1-AA/4420) to 57.0% (G1/3H3),
yet this increase was not observed with FS22m-063-AA/
FS28m-228-010 (25.8%). Similarly, in the spleen, the mean
percentage of CD8" T cells increased from 28.8% (G1-AA/
4420) to 38.0% with G1/3H3, yet this increase was not
observed with FS22m-063-AA/FS28m-228-010 (29%).

This suggests that the FS22m-063-AA/FS28m-228-010
mAb? increases CD8* T cells specifically in the tumour,
where MSLN is expressed, whereas the CD137-targeting
antibody, G1/3H3, also demonstrates peripheral (blood and
spleen) increases in CD8* T cells.

To identify whether there were any differences in the
proliferation of CD8" T cells following dosing, proliferation
marker, Ki67, was analysed on CD8* T cells in tumour,
blood and spleen. As shown in Table 24, a high proportion
of CD8* T cells expressed Ki67" in the control group (mean
expression of 75.1%), suggesting a high level of proliferat-
ing CD8* T cells in the tumour in the CT26.G10 model. This
may contribute to the unclear differences in Ki67 expression
on CD8* T cells between dose groups in the tumour.

In comparison, a clear increase in Ki67* expression on
CD8* T cells in the blood and spleen was observed at 144
hours post dosing with G1/3H3 in comparison to the IgG1
control. In the blood, whereas the isotype control-treated
mice show a mean Ki67" expression on CD8" T cells of
10.4%, the mean expression of Ki67 on CD8* T cells
following dosing with G1/3H3 is shown to be 86.3% at 144
hours post dose. In comparison, this increase was not
observed with FS22m-063-AA/FS28m-228-010, where the
mean Ki67" expression on CD8" T cells was observed at
13.1% following dosing with mAb? in the blood. Similarly,
in the spleen, mean Ki67" expression was observed on
36.1% of CD8* T cells following dosing with G1/3H3, in
comparison to 8.1% observed following dosing with isotype
control and 11.4% observed with FS22m-063-AA/FS28m-
228-010.

TABLE 23

The mean percentage of CD8" T cells of total CD3* cells in the tumour, blood and
spleen at 144 hours post dosing with G1-AA/4420, G1/3H3 or FS22m-063-AA/FS28m-228-
010. Data shows mean percentage CD8" T cells of total CD3* T cells + standard error of the

mean.

G1-AA/4420 G1/3H3 FS22m-063-AA/FS28m-228-010
% = SEM % = SEM % = SEM

Tumour 32.1 £5.8 56.1 £ 2.8 584 5.0

Blood 22.6 £ 0.6 57.0 £ 1.6 258 £ 0.6

Spleen 28.8 + 0.4 38.0 0.8 29.0 £0.9
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TABLE 24

The mean percentage of Ki67 expressed on CD8" T cells in the tumour, blood and
spleen at 144 hours post dosing with G1-AA/4420, G1/3H3 or FS22m-063-AA/FS28m-228-
010. Data shows mean percentage of Ki67* of total CD&" T cells = standard error of the

mean.

G1-AA/4420 G1/3H3 FS22m-063-AA/FS28m-228-010

% = SEM % = SEM % = SEM
Tumour  75.1% = 2.9 85.1% = 2.8 77.6% = 5.0
Blood 10.4% = 1.0 86.3% = 0.7 13.1 =34
Spleen 8.1% =+ 0.3 36.1 £ 1.7 11.4% = 1.4

Serum collected from six mice per group dosed with Example 14: Pharmacokinetics of Anti-Mouse

either FS22m-063-AA/FS28-228-010, G1-AA/4420 or ,, CD137/MSLN mAb? and Anti-Human
G1/3H3 was analysed for levels of soluble MSLN using a CD137/MSLN mAb? in Mice

Mesothelin Mouse SimpleStep ELISA Kit (Abcam,

ab204528), according to manufacturer’s instructions for 14.1 Pharmacokinetics of Anti-Mouse CD137/MSLN mAb?
serum. Data were plotted in Prism and concentration of (FS22m-063-AA/FS28-228-010) in Non-Tumour Bearing
serum MSLN levels shown over time. As shown in Table 25, . Mice

there was an increase in serum levels of MSLN with G1/3H3 In order to determine the pharmacokinetics of the anti-
and FS22m-063-AA/FS28m-228-010, compared to isotype mouse CD137/MSLN mAb?® in mice, non-tumour bearing
control G1-AA/4420, at 144 hour post dosing. As this C57BL/6 female mice were dosed once intravenously with
similar increase is observed for both G1/3H3 and FS22m- 10 mg/kg of anti-mouse CD137/MSLN mAb? (FS22m-063-
063-AA/FS28m-228-010 mAb®, and MSLN is predomi- 30 AA/FS28m-228-010) or human IgG1 control antibody (G1/
nantly expressed on tumour cells in the CT26.G10 synge- 4420) and monitored for up to 144 hrs.

neic mouse model, this suggests that CD137-agonism in the Microsampling of approximately 20 pl of whole blood

tumour may be increasing soluble MSLN which is detected was performed at 0.5, 1, 6, 24, 48, 96 and 144 hours, and

in the serum. processed to isolate approximately 5 ul of serum for analy-
TABLE 25

Mean soluble MSLN in serum, relative to G1-AA/4420 levels, at 144 hours post
dosing with G1-AA/4420, G1/3H3 or FS22m-063-AA/FS28m-228-010. Data shows mean
relative to G1-AA/4420 levels = standard error of the mean.

G1-AA/4420 G1/3H3 FS22m-063-AA/FS28m-228-010

sMSLN 1.0 9.5 =16 7.6 1.2

Taken together, these data show that FS22m-063-AA/ sis. The amount of antibody present at each time point was
FS28m-228-010 mediated a tumour-specific increase in determined using the Gyrolab xPlore system (system name
cytotoxic CD8* T cells in the tumour. Although this was also XPS1055) by Gyros Protein Technologies. A sandwich assay
observed with G1/3H3, unlike the FS22m-063-AA/FS28m- ° was performed using Gyrolab Bioaffy 200 CDs (Gyros
228-010 mAb?, G1/3H3 also promoted a peripheral increase Protein Technologies, P0004180) with biotinylated goat
in CD8* T cells in the blood and spleen. Furthermore, these anti-human IgG-(heavy and light chain) monkey adsorbed
CDB8* T cells also showed increased proliferation following antibody (Cambridge Biosciences, A80-319B) as capture
dosing with G1/3H3. The main role of CD8" T cells (also 55 antibody and goat anti-human IgG-AlexaFluor® 647 (Cam-
called cytotoxic lymphocytes) is the killing of infected or bridge Biosciences, 2040-31) as detection antibody. A stan-
malignant cells via three main mechanisms: 1) release of dard curve generated in the range of 4000 ng/mL to 0.0677
cytokines e.g. TNFa and IFNy, 2) production and release of ng/ml, of each compound was prepared in 0.1% mouse
cytotoxic granules and 3) expression of FasL. The increase serum (Sigma-Aldrich M5905) in Rexxip AN buffer (Gyros
in CD8" T cells in the tumour following treatment may ¢y Protein Technologies, P0004994) to determine sample con-

therefore result in cytotoxic activity via these mechanisms centration, with samples undergoing 1:1000 dilution in
against the tumour, which may consequently lead to an Rexxip AN (Gyros Protein Technologies, P0004994). The
increased release of mesothelin, as a result of tumour cell average sample concentration from individual mice per time
killing, as observed in this example. Since the tumours do point (three mice per time point) was plotted.

not express CD137, it is hypothesised the release of meso- 65  FIG. 14 A shows the pharmacokinetics of anti-mouse
thelin is an indirect PD response brought about by T CD137/MSLN mAb? and demonstrates that the mAb? had a
cell-mediated cytotoxicity. slightly lower systemic exposure over the dosing period than
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a non-MSLN binding human IgG1 antibody. This may be
explained by target-mediated clearance mechanisms.
14.2 Pharmacokinetics of Anti-Human CD137/MSLN
mAb? in Non-Tumour Bearing Mice
For comparison, the pharmacokinetic profile of the anti-
human CDI137/MSLN mAb* in non-tumour bearing
C57BL/6 female mice was determined. Mice were dosed
intravenously with 6.7 mg/kg of anti-human CD137/MSLN
(FS22-172-003-AA/FS28-256-271) mAb* or human IgG1
control antibody (G1-AA/4420) and monitored for up to 144
hrs. Microsampling of approximately 20 pl of whole blood
was performed at 0.5, 1, 6, 24, 48, 96 and 144 hours, and
processed to isolate approximately 5 ul of serum for analy-
sis. Analysis was performed as described in Example 14.1.
FIG. 14B shows the pharmacokinetics of anti-human
CD137/MSLN mAb? and demonstrates that the mAb? had
comparable exposure in the blood to a standard human IgG1
antibody which does not bind MSLN (Bergman et al., 1998).
Sequence Listing
Heavy Chain Annotations
i. In amino acid sequences of the heavy chain of mAb?,
the variable domain is shown in italics, CDRs accord-
ing to IMGT are shown in bold italics, CDRs according
to Kabat are shown in italics and underlined (therefore
any overlapping IMGT and Kabat CDR sequences are
shown in bold, italics and underlined), CH1 domains
are underlined, hinge regions are doubly underlined,
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CH2 domains are shown in bold (and, where appli-
cable, location of the LALA mutation is shown in bold
and underlined), CH3 domains are shown in plain font,
and modified regions of CH3 structural loops are
underlined (no underlining if loop is unchanged).
In amino acid sequences of variable domains, CDRs
according to IMGT are shown in bold and italics, CDRs
according to Kabat are shown in italics and underlined
(therefore any overlapping IMGT and Kabat CDR
sequences are shown in bold, italics and underlined).

iii. CDR amino acid sequences according to both IMGT

and Kabat are provided.

Light Chain Annotations

i. In the amino acid sequence of the light chain of mAb?,
variable domains are shown in italics, CDRs according
to IMGT are shown in bold and italics, and CDRs
according to Kabat are shown in italics and underlined
(therefore any overlapping IMGT and Kabat CDR
sequences are shown in bold, italics and underlined).
In the amino acid sequence of the variable domain,
CDRs according to IMGT are shown in bold and italics,
and CDRs according to Kabat are shown in italics and
underlined (therefore any overlapping IMGT and Kabat
CDR sequences are shown in bold, italics and under-
lined).
iii. CDR amino acid sequences according to both IMGT

and Kabat are provided.

il.

=

jard

ii.

Amino acid and cDNA sequences of CH3 domain and amino acid sequence
of modified regions of CH3 AB and EF structural loops of all FS22-
172-003 Fcab-containing maAb? clones and the FS22-172-003 Fcab

CH3
AR

SEQ ID NO: 8

GQPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPV
LDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHY TQKSLSLSPG

CH3
DNA

SEQ ID NO: 9

GGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGCCA
TACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCG
ACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCG
TGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGGCGCAGATAGGTGGCT
GGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAACCACTACACTCAGAAG
AGCTTGTCCCTGTCGCCCGGT

SEQ ID NO: 10

SEQ ID NO: 11

Loop AB (AA) PYIIPPY

Loop EF (AA) GADRWLE

Amino acid and ¢DNA sequences of heavy chain of FS22-172-003-AA/

FS28-024 mAb’

Heavy chain AA (without LALA)

SEQ ID NO: 92

EVQLLESGGGLVQPGGSLRLSCAASGFTLSYSSMSWVRQAPGKGLEW
VSFITPSTGYTHYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARRALTFDYWGQGTLVTIV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSL

SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKD

TLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLN
GKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPSDIAV
EWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHYTQKSLSLSP

G

Heavy chain DNA (without LALA)

SEQ ID NO: 93

GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCCTCAGTTATTCTTCTATGTCATGGGTG
CGTCAGGCTCCGGGCAAAGGTCTGGAATGGGTTAGCTTTATTACTCCGTCTACTGGCTATACCC
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-continued

Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/
FS28-024 mAb’

ACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTA
CCTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGACGGGCGCT
GACGTTCGACTACTGGGGCCAGGGAACCTTGGTCACCGTCTCGAGTGCTAGCACTAAGGGCCC
GTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCCCTGGGCTG
CCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCTGACCTCC
GGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCCGTGGTCAC
CGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCCCTCGAACA
CCAAGGTCGACAAGAAGGTCGAGCCGAAGT CGTGCGACAAGACTCACACTTGCCCGCCTTGCC
CAGCCCCGGAACTGCTGGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAAGGATACCCT
GATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGAGGACCCGGA
AGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAGCCACGGGAA
GAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAGACTGGCTGA
ACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGAGAAAACTAT
CTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGA
GCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATC
CCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGC
CTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGGCGCAGATAG
GTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAACCACTACACT
CAGAAGAGCTTGTCCCTGTCGCCCGGT

Heavy chain AA (with LALA)

SEQ ID NO: 94
EVQLLESGGGLVQPGGSLRLSCAASGFTLSYSSMSWVRQAPGKGLEW
VSFITPSTGYTHYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARRALTFDYWGQGTLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSL
SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKPKD
TLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYﬁVVSVLTVLHQDWLN
GKEYRKCKVSNRKALPAPIEKTISKAKGQPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPSDIAV
EWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVEFSCSVMHEALHNHYTQKSLSLSP
G

Heavy chain DNA (with LALA)

SEQ ID NO: 95
GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCCTCAGTTATTCTTCTATGTCATGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGTTAGCTTTATTACTCCGTCTACTGGCTATACCC
ACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTA
CCTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGACGGGCGCT
GACGTTCGACTACTGGGGCCAGGGAACCTTGGTCACCGTCTCGAGTGCTAGCACTAAGGGCCC
GTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACAT CAGGGGGTACCGCCGCCCTGGGCTG
CCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCTGACCTCC
GGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCCGTGGTCAC
CGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCCCTCGAACA
CCAAGGTCGACAAGAAGGTCGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCCGCCTTGCC
CAGCCCCGGAAGCTGCCGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAAGGATACCC
TGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGAGGACCCGG
AAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAGCCACGGGA
AGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAGACTGGCTG
AACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGAGAAAACTA
TCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATG
AGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTAT
CCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACG
CCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGGCGCAGATA
GGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAACCACTACAC
TCAGAAGAGCTTGTCCCTGTCGCCCGGT

VH domain AA

SEQ ID NO: 12
EVQLLESGGGLVQPGGSLRLSCAASGFTLSYSSMSWVRQAPGKGLEW
VSFITPSTGYTHYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARRALTFDYWGQGTLVTV
58

VH domain DNA

SEQ ID NO: 13
GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCCTCAGTTATTCTTCTATGTCATGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGTTAGCTTTATTACTCCGTCTACTGGCTATACCC
ACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTA
CCTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGACGGGCGCT
GACGTTCGACTACTGGGGCCAGGGAACCTTGGTCACCGTCTCGAGT

SEQ ID NO: 14 HCDR1 (AA) (IMGT) GFTLSYSS

SEQ ID NO: 15 HCDR1 (AA) (Kabat) YSSMS

SEQ ID NO: 16 HCDR2 (AA) (IMGT) ITPSTGYT
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SEQ ID NO: 17 HCDR2 (AA) Kabat) FITPSTGYTHYADSVKG
SEQ ID NO: 18 HCDR3 (AA) (IMGT) ARRALTFDY
SEQ ID NO: 19 HCDR3 (AA) (Kabat) RALTFDY

Amino acid and cDNA sequences of light chain of FS22-172-003-AA/
FS28-024 mAb’

Light chain AA

SEQ ID NO: 85
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLANYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQASSYPLTFGQGTKVEIKRTVAAPSVFIF
PPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Light chain DNA

SEQ ID NO: 86
GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAAGCTTCTTCTTATCCTCTCACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAACGTACTGTGGCCGCTCCTAGCGTGTTCATTTTTCCGCCATCCGA
CGAGCAGCTCAAGTCCGGCACCGCCTCCGTGGTCTGCCTGCTCAACAACTTCTACCCTCGCGAA
GCTAAGGTCCAGTGGAAGGTCGACAATGCCCTGCAGTCCGGAAACTCGCAGGAAAGCGTGACT
GAACAGGACTCCAAGGACTCCACCTATTCACTGTCCTCGACTCTGACCCTGAGCAAGGCGGATT
ACGAAAAGCACAAAGTGTACGCATGCGAAGTGACCCACCAGGGTCTTTCGTCCCCCGTGACCAA
GAGCTTCAACAGAGGAGAGTGT

VL domain AA

SEQ ID NO: 54
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQASSYPLTFGQGTKVEIK

VL domain DNA

SEQ ID NO: 55
GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAAGCTTCTTCTTATCCTCTCACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAA

SEQ ID NO: 20 LCDR1 (AA) (IMGT) QSVSSSY

SEQ ID NO: 21 LCDR1 (AA) (Kabat) RASQSVSSSYLA
SEQ ID NO: 22 LCDR2 (AA) (IMGT) GAS

SEQ ID NO: 23 LCDR2 (AA) (Kabat) GASSRAT

SEQ ID NO: 24 LCDR3 (AA) (IMGT) QOASSYPLT
SEQ ID NO: 24 LCDR3 (AA) (Kabat) QOASSYPLT

Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/
FS28-024-051 mAb?

Heavy chain AA (without LALA)

SEQ ID NO: 96
EVQLLESGGGLVQPGGSLRLSCAASGFTLSYSSMSWVRQAPGKGLEW
VSFITPSTGYTHYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARRALIFDYWGQGTLVTVS
SASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLS
SVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLN
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GKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPSDIAV
EWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHYTQKSLSLSP
G

Heavy chain DNA (without LALA)

SEQ ID NO: 97
GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTGGTTCTCTGCGTC
TGAGTTGCGCGGCCAGTGGCTTTACCCTCAGTTATTCTTCTATGTCATGGGTGCGTCAGGCTCC
GGGCAAAGGTCTGGAATGGGTTAGCTTTATTACTCCGTCTACTGGCTATACCCACTATGCGGATA
GCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTACCTGCAGATGAA
CTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGACGGGCGCTGATTTTCGACTAC
TGGGGCCAGGGAACCCTGGTCACCGTCTCGAGTGCTAGCACTAAGGGCCCGTCGGTGTTCCCG
CTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCCCTGGGCTGCCTTGTGAAGGAT
TACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCTGACCTCCGGAGTGCATACTT
TCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCCGTGGTCACCGTCCCTTCGTC
CTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCCCTCGAACACCAAGGTCGAC
AAGAAGGTCGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCCGCCTTGCCCAGCCCCGGAA
CTGCTGGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAAGGATACCCTGATGATCTCAC
GGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGAGGACCCGGAAGTGAAATTCA
ATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAGCCACGGGAAGAACAGTACA
ACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAGACTGGCTGAACGGGAAGGA
GTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGAGAAAACTATCTCGAAAGCC
AAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGCCATAC
ATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACA
TCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGC
TGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGGCGCAGATAGGTGGCTGGA
AGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAACCACTACACTCAGAAGAGC
TTGTCCCTGTCGCCCGGT

Heavy chain AA (with LALA)

SEQ ID NO: 98
EVQLLESGGGLVQPGGSLRLSCAASGFTLSYSSMSWVRQAPGKGLEW
VSFITPSTGYTHYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARRALIFDYWGQGTLVTVS
SASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLS
SVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKPKDT
LMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYEVVSVLTVLHQDWLN
GKEYRKCKVSNRALPAPIEKTISKAKGQPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPSDIAV
EWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVEFSCSVMHEALHNHYTQKSLSLSP
G

Heavy chain DNA (with LALA)

SEQ ID NO: 99
GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTGGTTCTCTGCGTC
TGAGTTGCGCGGCCAGTGGCTTTACCCTCAGTTATTCTTCTATGTCATGGGTGCGTCAGGCTCC
GGGCAAAGGTCTGGAATGGGTTAGCTTTATTACTCCGTCTACTGGCTATACCCACTATGCGGATA
GCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTACCTGCAGATGAA
CTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGACGGGCGCTGATTTTCGACTAC
TGGGGCCAGGGAACCCTGGTCACCGTCTCGAGTGCTAGCACTAAGGGCCCGTCGGTGTTCCCG
CTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCCCTGGGCTGCCTTGTGAAGGAT
TACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCTGACCTCCGGAGTGCATACTT
TCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCCGTGGTCACCGTCCCTTCGTC
CTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCCCTCGAACACCAAGGTCGAC
AAGAAGGTCGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCCGCCTTGCCCAGCCCCGGAA
GCTGCCGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAAGGATACCCTGATGATCTCAC
GGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGAGGACCCGGAAGTGAAATTCA
ATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAGCCACGGGAAGAACAGTACA
ACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAGACTGGCTGAACGGGAAGGA
GTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGAGAAAACTATCTCGAAAGCC
AAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGCCATAC
ATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACA
TCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGC
TGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGGCGCAGATAGGTGGCTGGA
AGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAACCACTACACTCAGAAGAGC
TTGTCCCTGTCGCCCGGT

VH domain AA

SEQ ID NO: 56
EVQLLESGGGLVQPGGSLRLSCAASGFTLSYSSMSWVRQAPGKGLEW
VSFITPSTGYTHYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARRALIFDYWGQGTLVTVS

VH domain DNA

SEQ ID NO: 57
GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCCTCAGTTATTCTTCTATGTCATGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGTTAGCTTTATTACTCCGTCTACTGGCTATACCC
ACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTA
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CCTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGACGGGCGCT
GATTTTCGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGT

SEQ ID NO: 14 HCDR1 (AA) (IMGT) GFTLSYSS

SEQ ID NO: 15 HCDR1 (AA) (Kabat) YSSMS

SEQ ID NO: 16 HCDR2 (AA) (IMGT) ITPSTGYT

SEQ ID NO: 17 HCDR2 (AA) Kabat) FITPSTGYTHYADSVKG
SEQ ID NO: 25 HCDR3 (AA) (IMGT) ARRALIFDY

SEQ ID NO: 26 HCDR3 (AA) (Kabat) RALIFDY

Amino acid and cDNA sequences of light chain of FS22-172-003-AA/
FS28-024-051 mAb’

Light chain AA

SEQ ID NO: 85
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLANYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQASSYPLTFGQGTKVEIKRTVAAPSVFIF
PPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Light chain DNA

SEQ ID NO: 86
GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAAGCTTCTTCTTATCCTCTCACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAACGTACTGTGGCCGCTCCTAGCGTGTTCATTTTTCCGCCATCCGA
CGAGCAGCTCAAGTCCGGCACCGCCTCCGTGGTCTGCCTGCTCAACAACTTCTACCCTCGCGAA
GCTAAGGTCCAGTGGAAGGTCGACAATGCCCTGCAGTCCGGAAACTCGCAGGAAAGCGTGACT
GAACAGGACTCCAAGGACTCCACCTATTCACTGTCCTCGACTCTGACCCTGAGCAAGGCGGATT
ACGAAAAGCACAAAGTGTACGCATGCGAAGTGACCCACCAGGGTCTTTCGTCCCCCGTGACCAA
GAGCTTCAACAGAGGAGAGTGT

VL domain AA

SEQ ID NO: 54
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQASSYPLTFGQGTKVEIK

VL domain DNA

SEQ ID NO: 55
GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAAGCTTCTTCTTATCCTCTCACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAA

SEQ ID NO: 20 LCDR1 (AA) (IMGT) QSVSSSY

SEQ ID NO: 21 LCDR1 (AA) (Kabat) RASQSVSSSYLA
SEQ ID NO: 22 LCDR2 (AA) (IMGT) GAS

SEQ ID NO: 23 LCDR2 (AA) (Kabat) GASSRAT

SEQ ID NO: 24 LCDR3 (AA) (IMGT) QOASSYPLT

SEQ ID NO: 24 LCDR3 (AA) (Kabat) QOASSYPLT
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Heavy chain AA (without LALA)

SEQ ID NO: 100
EVQLLESGGGLVQPGGSLRLSCAASGFTLSYSSMSWVRQAPGKGLEW
VSFITPSTGYTHYADSVKGRFTI
SRDNSKNTLYLOMNSLRAEDTAVYYCARRALLFDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSG
GTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNH
KPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDP
EVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTIS
KARKGQOPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS
DGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHY TQKSLSLSPG

Heavy chain DNA (without LALA)

SEQ ID NO: 101
GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTGGTTCTCTGCGTC
TGAGTTGCGCGGCCAGTGGCTTTACCCTCAGTTATTCTTCTATGTCATGGGTGCGTCAGGCTCC
GGGCAAAGGTCTGGAATGGGTTAGCTTTATTACTCCGTCTACTGGCTATACCCACTATGCGGATA
GCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTACCTGCAGATGAA
CTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGACGGGCGCTGCTTTTCGACTAC
TGGGGCCAGGGAACCCTGGTCACCGTCTCGTCGGCTAGCACTAAGGGCCCGTCGGTGTTCCCG
CTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCCCTGGGCTGCCTTGTGAAGGAT
TACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCTGACCTCCGGAGTGCATACTT
TCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCCGTGGTCACCGTCCCTTCGTC
CTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCCCTCGAACACCAAGGTCGAC
AAGAAGGTCGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCCGCCTTGCCCAGCCCCGGAA
CTGCTGGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAAGGATACCCTGATGATCTCAC
GGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGAGGACCCGGAAGTGAAATTCA
ATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAGCCACGGGAAGAACAGTACA
ACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAGACTGGCTGAACGGGAAGGA
GTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGAGAAAACTATCTCGAAAGCC
AAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGCCATAC
ATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCAGCGACA
TCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCGTGC
TGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGGCGCAGATAGGTGGCTGGA
AGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAACCACTACACTCAGAAGAGC
TTGTCCCTGTCGCCCGGT

Heavy chain AA (with LALA)

SEQ ID NO: 102
EVQLLESGGGLVQPGGSLRLSCAASGFTLSYSSMSWVRQAPGKGLEW
VSFITPSTGYTHYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARRALLFDYWGQGTLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSL
SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKPKD
TLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYEVVSVLTVLHQDWLN
GKEYRKCKVSNRALPAPIEKTISKAKGQPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPSDIAV
EWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVEFSCSVMHEALHNHYTQKSLSLSP
G

Heavy chain DNA (with LALA)

SEQ ID NO: 103
GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCCTCAGTTATTCTTCTATGTCATGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGTTAGCTTTATTACTCCGTCTACTGGCTATACCC
ACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTA
CCTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGACGGGCGCT
GCTTTTCGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGTCGGCTAGCACTAAGGGCCC
GTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACAT CAGGGGGTACCGCCGCCCTGGGCTG
CCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCTGACCTCC
GGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCCGTGGTCAC
CGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCCCTCGAACA
CCAAGGTCGACAAGAAGGTCGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCCGCCTTGCC
CAGCCCCGGAAGCTGCCGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAAGGATACCC
TGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGAGGACCCGG
AAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAGCCACGGGA
AGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAGACTGGCTG
AACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGAGAAAACTA
TCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATG
AGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTAT
CCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACG
CCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGGCGCAGATA
GGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAACCACTACAC
TCAGAAGAGCTTGTCCCTGTCGCCCGGT

VH domain AA

SEQ ID NO: 58
EVQLLESGGGLVQPGGSLRLSCAASGFTLSYSSMSWVRQAPGKGLEW
VSFITPSTGYTHYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARRALLFDYWGQGTLVTV
58
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VH domain DNA

SEQ ID NO: 59
GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCCTCAGTTATTCTTCTATGTCATGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGTTAGCTTTATTACTCCGTCTACTGGCTATACCC
ACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTA
CCTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGACGGGCGCT
GCTTTTCGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGTCG

SEQ ID NO: 14 HCDR1 (AA) (IMGT) GFTLSYSS

SEQ ID NO: 15 HCDR1 (AA) (Kabat) YSSMS

SEQ ID NO: 16 HCDR2 (AA) (IMGT) ITPSTGYT

SEQ ID NO: 17 HCDR2 (AA) Kabat) FITPSTGYTHYADSVKG
SEQ ID NO: 27 HCDR3 (AA) (IMGT) ARRALLFDY

SEQ ID NO: 28 HCDR3 (AA) (Kabat) RALLFDY

Amino acid and cDNA sequences of light chain of FS22-172-003-AA/
FS28-024-052 mAb’

Light chain AA

SEQ ID NO: 85
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLANYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQASSYPLTFGQGTKVEIKRTVAAPSVFIF
PPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Light chain DNA

SEQ ID NO: 86
GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAAGCTTCTTCTTATCCTCTCACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAACGTACTGTGGCCGCTCCTAGCGTGTTCATTTTTCCGCCATCCGA
CGAGCAGCTCAAGTCCGGCACCGCCTCCGTGGTCTGCCTGCTCAACAACTTCTACCCTCGCGAA
GCTAAGGTCCAGTGGAAGGTCGACAATGCCCTGCAGTCCGGAAACTCGCAGGAAAGCGTGACT
GAACAGGACTCCAAGGACTCCACCTATTCACTGTCCTCGACTCTGACCCTGAGCAAGGCGGATT
ACGAAAAGCACAAAGTGTACGCATGCGAAGTGACCCACCAGGGTCTTTCGTCCCCCGTGACCAA
GAGCTTCAACAGAGGAGAGTGT

VL domain AA

SEQ ID NO: 54
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQASSYPLTFGQGTKVEIK

VL DNA

SEQ ID NO: 55
GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAAGCTTCTTCTTATCCTCTCACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAA

SEQ ID NO: 20 LCDR1 (AA) (IMGT) QSVSSSY

SEQ ID NO: 21 LCDR1 (AA) (Kabat) RASQSVSSSYLA
SEQ ID NO: 22 LCDR2 (AA) (IMGT) GAS

SEQ ID NO: 23 LCDR2 (AA) (Kabat) GASSRAT

SEQ ID NO: 24 LCDR3 (AA) (IMGT) QOASSYPLT

SEQ ID NO: 24 LCDR3 (AA) (Kabat) QOASSYPLT
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Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/
FS28-024-053 mAb’

Heavy chain AA (without LALA)

SEQ ID NO: 104
EVQLLESGGGLVQPGGSLRLSCAASGFTLSYSSMSWVRQAPGKGLEW
VSFITPSTGYTHYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARRALVFDYWGQGTLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSL
SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKD
TLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLN
GKEYRKCKVSNRKALPAPIEKTISKAKGQPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPSDIAV
EWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVEFSCSVMHEALHNHYTQKSLSLSP
G

Heavy chain DNA
(without LALA)

SEQ ID NO: 105
GAAGTGCAACTGCTGGAGT CCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCCTCAGTTATTCTTCTATGTCATGGGTG
CGTCAGGCTCCGGGCAAAGGTCTGGAATGGGTTAGCTTTATTACTCCGTCTACTGGCTATACCC
ACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTA
CCTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGACGGGCGCT
GGTGTTCGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGTCGGCTAGCACTAAGGGCCC
GTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCCCTGGGCTG
CCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCTGACCTCC
GGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCCGTGGTCAC
CGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCCCTCGAACA
CCAAGGTCGACAAGAAGGTCGAGCCGAAGT CGTGCGACAAGACTCACACTTGCCCGCCTTGCC
CAGCCCCGGAACTGCTGGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAAGGATACCCT
GATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGAGGACCCGGA
AGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAGCCACGGGAA
GAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAGACTGGCTGA
ACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGAGAAAACTAT
CTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGA
GCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATC
CCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGC
CTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGGCGCAGATAG
GTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAACCACTACACT
CAGAAGAGCTTGTCCCTGTCGCCCGGT

Heavy chain AA (with LALA)

SEQ ID NO: 106
EVQLLESGGGLVQPGGSLRLSCAASGFTLSYSSMSWVRQAPGKGLEW
VSFITPSTGYTHYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARRALVFDYWGQGTLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSL
SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHT CPPCPAPEAAGGPSVFLFPPKPKD
TLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLN
GKEYRKCKVSNRALPAPIEKTISKAKGQPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPSDIAV
EWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVEFSCSVMHEALHNHYTQKSLSLSP
G

Heavy chain DNA
(with LALA)

SEQ ID NO: 107
GAAGTGCAACTGCTGGAGT CCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCCTCAGTTATTCTTCTATGTCATGGGTG
CGTCAGGCTCCGGGCAAAGGTCTGGAATGGGTTAGCTTTATTACTCCGTCTACTGGCTATACCC
ACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTA
CCTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGACGGGCGCT
GGTGTTCGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGTCGGCTAGCACTAAGGGCCC
GTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCCCTGGGCTG
CCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCTGACCTCC
GGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCCGTGGTCAC
CGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCCCTCGAACA
CCAAGGTCGACAAGAAGGTCGAGCCGAAGT CGTGCGACAAGACTCACACTTGCCCGCCTTGCC
CAGCCCCGGAAGCTGCCGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAAGGATACCC
TGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGAGGACCCGG
AAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAGCCACGGGA
AGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAGACTGGCTG
AACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGAGAAAACTA
TCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATG
AGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTAT
CCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACG
CCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGGCGCAGATA
GGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAACCACTACAC
TCAGAAGAGCTTGTCCCTGTCGCCCGGTE
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Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/
FS28-024-053 mAb?

VH domain AA

SEQ ID NO: 60
EVQLLESGGGLVQPGGSLRLSCAASGFTLSYSSMSWVRQAPGKGLEW
VSFITPSTGYTHYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARRALVFDYWGQGTLVTV
58

VH domain DNA

SEQ ID NO: 61
GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCCTCAGTTATTCTTCTATGTCATGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGTTAGCTTTATTACTCCGTCTACTGGCTATACCC
ACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTA
CCTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGACGGGCGCT
GGTGTTCGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGTCG

SEQ ID NO: 14 HCDR1 (AA) (IMGT) GFTLSYSS

SEQ ID NO: 15 HCDR1 (AA) (Kabat) YSSMS

SEQ ID NO: 16 HCDR2 (AA) (IMGT) ITPSTGYT

SEQ ID NO: 17 HCDR2 (AA) Kabat) FITPSTGYTHYADSVKG
SEQ ID NO: 29 HCDR3 (AA) (IMGT) ARRALVFDY

SEQ ID NO: 30 HCDR3 (AA) (Kabat) RALVFDY

102

Amino acid and ¢DNA sequences of light chain of FS22-172-003-AA/
FS28-024-053 mAb’

Light chain AA

SEQ ID NO:

EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLANYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQASSYPLTFGQGTKVEIKRTVAAPSVFIF
PPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Light chain DNA

SEQ ID NO:

GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAAGCTTCTTCTTATCCTCTCACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAACGTACTGTGGCCGCTCCTAGCGTGTTCATTTTTCCGCCATCCGA
CGAGCAGCTCAAGTCCGGCACCGCCTCCGTGGTCTGCCTGCTCAACAACTTCTACCCTCGCGAA
GCTAAGGTCCAGTGGAAGGTCGACAATGCCCTGCAGTCCGGAAACTCGCAGGAAAGCGTGACT
GAACAGGACTCCAAGGACTCCACCTATTCACTGTCCTCGACTCTGACCCTGAGCAAGGCGGATT
ACGAAAAGCACAAAGTGTACGCATGCGAAGTGACCCACCAGGGTCTTTCGTCCCCCGTGACCAA
GAGCTTCAACAGAGGAGAGTGT

VL domain AA

SEQ ID NO:

EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLANYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQASSYPLTFGQGTKVEIK

VL domain DNA

SEQ ID NO:

GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAAGCTTCTTCTTATCCTCTCACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAA

SEQ ID NO: 20 LCDR1 (AA) (IMGT) QSVSSSY

SEQ ID NO: 21 LCDR1 (AA) (Kabat) RASQSVSSSYLA

SEQ ID NO: 22 LCDR2 (AA) (IMGT) GAS

85

86

54

55
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Amino acid and ¢DNA sequences of light chain of FS22-172-003-AA/
FS28-024-053 mAb’

SEQ ID NO: 23 LCDR2 (AA) (Kabat) GASSRAT
SEQ ID NO: 24 LCDR3 (AA) (IMGT) QQASSYPLT
SEQ ID NO: 24 LCDR3 (AA) (Kabat) QQASSYPLT

Amino acid sequences of the heavy and light chain of FS22-172-003-
an/
FS28-024-060 mAb>

Heavy chain AA (with LALA)

SEQ ID NO: 108
EVQLLESGGGLVQPGGSLRLSCAASGFTLSYEEMEWVRQAPGKGLEW
VSFITPSTGYTHYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARRALWFDYWGQGTLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSL
SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEE&GGPSVFLFPPKPKD
TLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLN
GKEYRKCKVSNRALPAPIEKTISKAKGOQPREPQVYTLPPSRDELPYIIPPYNQVSLT -
CLVKGFYPSDIAV
EWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVEFSCSVMHEALHNHYTQKSLSLSP
G

Light chain AA

SEQ ID NO: 85
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLANYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQASSY -
PLTFGQGTKVEIKRTVAAPSVFIF
EEEDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Amino acid sequences of the heavy and light chain of FS22-172-003-
an/

FS28-026 mAb?

Heavy chain AA (with LALA)

SEQ ID NO: 109
EVQLLESGGGLVQPGGSLRLSCAASGFTFSNYAMTWVRQAPGKGLEW
VSSITPYYSKTDYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARNWYRFDYWGQGTLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSL
SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHT CPPCPAPEAAGGPSVFLFPPKPKD
TLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLN

GKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELPYIIPPYNQVSLT -
CLVKGFYPSDIAV

EWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHYTQKSLSLSP
G

Light chain AA
SEQ ID NO: 87
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLANYQQKPGQAPRLLIY

GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQASSYP-
ITFGOGTKVEIKRTVAAPSVEIF

PPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC
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Amino acid sequences of the heavy and light chain of FS22-172-003-
an/
FS28-091 mAb?

Heavy chain AA (with LALA)

SEQ ID NO: 110
EVQLLESGGGLVQPGGSLRLSCAASGFTFTNYAMSWVRQAPGKGLEW
VSSIKPYDGNTYYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARNRWVFDYWGQGTLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSL
SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKPKD
TLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYEVVSVLTVLHQDWLN
GKEYRKCKVSNRALPAPIEKTISKAKGOQPREPQVYTLPPSRDELPYIIPPYNQVSLT -
CLVKGFYPSDIAV
EWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVEFSCSVMHEALHNHYTQKSLSLSP
G

Light chain AA

SEQ ID NO: 88
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLANYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPED-
FAVYYCQQYSSSPFTFGQGTKVEIKRTVAAPSVFIF
PPSDEQLRSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Amino acid sequences of the heavy and light chain of FS22-172-003-
AR/
FS28-185 mAb’

Heavy chain AA (with LALA)

SEQ ID NO: 111
EVQLLESGGGLVQPGGSLRLSCAASGFTFTTSAMSWVRQAPGKGLEW
VSRINPYEGETNYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARGWSIATYYKSAMDYWG
OGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ
SSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGPSVFL
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYEVVSVLTVL
HQDWLNGKEYRCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKG
FYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHYTQ
KSLSLSPG

Light chain AA

SEQ ID NO: 89
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLANYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQSSYSAPVIFGOGTKVEIKRTVAAPS
VFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLT
LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/
FS28-256 mAb’

Heavy chain AA (without LALA)

SEQ ID NO: 112
EVQLLESGGGLVQPGGSLRLSCAASGFTFTNTYMSWVRQAPGKGLEWV
SNISPTYSTTNYADSVKGRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCARYNSYQGGLDYWGQGTL
VIVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPK
PKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHYTQKSL
SLSPG

Heavy chain DNA (without lala)

SEQ ID NO: 113
GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTAACACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGT TAGCAATATTTCTCCGACTTATAGCACTACCAA
CTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTAC
CTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACTCTTA
CCAGGGTGGCTTGGACTACTGGGGCCAGGGAACCTTGGTCACCGTCTCGAGTGCTAGCACTAA
GGGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCCCT
GGGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCT
GACCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCC
GTGGTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCC
CTCGAACACCAAGGTCGACAAGAAGGT CGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCC
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Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/

FS28-256 mAb?

GCCTTGCCCAGCCCCGGAACTGCTGGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAA
GGATACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGA
GGACCCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAG
CCACGGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAG
ACTGGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGA
GAAAACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCC
CGGGATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAG
GCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACA
AGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGG
CGCAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAA
CCACTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

Heavy chain AA (with LALA)

SEQ ID NO:

EVQLLESGGGLVQPGGSLRLSCAASGFTFINTYMSWVRQAPGKGLEWV
SNISPTYSTTNYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARYNSYQGGLDYWGQGTL
VTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL

YSL

SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPK

PKD'

TLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQD

114

WLNGKEYKCKVSNKALPAPIEKTISKAKGOQPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFEFSCSVMHEALHNHYTQKSL

SLSPG

Heavy chain DNA (with LALA)

SEQ ID NO:

GAAGTGCAACTGCTGGAGT CCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTAACACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGTTAGCAATATTTCTCCGACTTATAGCACTACCAA
CTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTAC
CTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACTCTTA
CCAGGGTGGCTTGGACTACTGGGGCCAGGGAACCTTGGTCACCGTCTCGAGTGCTAGCACTAA
GGGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCCCT
GGGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCT
GACCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCC
GTGGTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCC
CTCGAACACCAAGGTCGACAAGAAGGTCGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCC
GCCTTGCCCAGCCCCGGAAGCTGCCGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAA
GGATACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGA
GGACCCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAG
CCACGGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAG
ACTGGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGA
GAAAACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCC
CGGGATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAG
GCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACA
AGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGG
CGCAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAA
CCACTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

VH domain AA

SEQ ID NO:

EVQLLESGGGLVQPGGSLRLSCAASGFTFINTYMSWVRQAPGKGLEWV

SNISPTYSTTNYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARYNSYQGGLDYWGQGTL

VTVSS

VH domain DNA

SEQ ID NO:

GAAGTGCAACTGCTGGAGT CCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTAACACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGTTAGCAATATTTCTCCGACTTATAGCACTACCAA
CTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTAC
CTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACTCTTA
CCAGGGTGGCTTGGACTACTGGGGCCAGGGAACCTTGGTCACCGTCTCGAGT

SEQ ID NO: 31 HCDR1 (AA) (IMGT) GFTFTNTY aaaaa
SEQ ID NO: 32 HCDR1 (AA) (Kabat) NTYMS

SEQ ID NO: 33 HCDR2 (AA) (IMGT) ISPTYSTT

SEQ ID NO: 34 HCDR2 (AA) Kabat) NISPTYSTTNYADSVKG
SEQ ID NO: 35 HCDR3 (AA) (IMGT) ARYNSYQGGLDY

SEQ ID NO: 36 HCDR3 (AA) (Kabat) YNSYQGGLDY

115

62

63

108
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Amino acid and cDNA sequences of light chain of FS22-172-003-AA/
FS28-256 mAb’

Light chain AA

SEQ ID NO: 116
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLANYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQSYYYPITFGQGTKVEIKRTVAAPSVFIF
PPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Light chain DNA

SEQ ID NO: 117
GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAATCTTATTATTATCCTATCACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAACGTACTGTGGCCGCTCCTAGCGTGTTCATTTTTCCGCCATCCGA
CGAGCAGCTCAAGTCCGGCACCGCCTCCGTGGTCTGCCTGCTCAACAACTTCTACCCTCGCGAA
GCTAAGGTCCAGTGGAAGGTCGACAATGCCCTGCAGTCCGGAAACTCGCAGGAAAGCGTGACT
GAACAGGACTCCAAGGACTCCACCTATTCACTGTCCTCGACTCTGACCCTGAGCAAGGCGGATT
ACGAAAAGCACAAAGTGTACGCATGCGAAGTGACCCACCAGGGTCTTTCGTCCCCCGTGACCAA
GAGCTTCAACAGAGGAGAGTGT

VL domain AA

SEQ ID NO: 64
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQSYYYPITFGQGTKVEIK

VL domain DNA

SEQ ID NO: 65
GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAATCTTATTATTATCCTATCACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAA

SEQ ID NO: 20 LCDR1 (AA) (IMGT) QSVSSSY aaa
SEQ ID NO: 21 LCDR1 (AA) (Kabat) RASQSVSSSYLA
SEQ ID NO: 22 LCDR2 (AA) (IMGT) GAS

SEQ ID NO: 23 LCDR2 (AA) (Kabat) GASSRAT

SEQ ID NO: 37 LCDR3 (AA) (IMGT) QOSYYYPIT
SEQ ID NO: 37 LCDR3 (AA) (Kabat) QOSYYYPIT

Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/
FS28-256-001 mAb?

Heavy chain AA (without LALA)

SEQ ID NO: 118
EVQLLESGGGLVQPGGSLRLSCAASGFTFTETYMSWVRQAPGKGLEWV
SNISPTYSTTNYADSVKGRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCARYNSYQGGLDYWGQGTL
VIVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPK
PKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHYTQKSL
SLSPG

Heavy chain DNA (Without LALA)

SEQ ID NO: 119
GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTGAGACTTATATGAGCTGGGT
GCGTCAGGCTCCGGGCAAAGGTCTGGAATGGGTTAGCAATATTTCTCCGACTTATAGCACTACC
AACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTA
CCTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACTCT
TACCAGGGTGGCTTGGACTACTGGGGCCAGGGAACCTTGGTCACCGTCTCGAGTGCTAGCACT
AAGGGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCC
CTGGGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCC
TGACCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCC
GTGGTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCC
CTCGAACACCAAGGTCGACAAGAAGGT CGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCC
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-continued

Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/

FS28-256-001 mAb?

GCCTTGCCCAGCCCCGGAACTGCTGGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAA
GGATACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGA
GGACCCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAG
CCACGGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAG
ACTGGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGA
GAAAACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCC
CGGGATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAG
GCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACA
AGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGG
CGCAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAA
CCACTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

Heavy chain AA (with LALA)

SEQ ID NO:

EVQLLESGGGLVQPGGSLRLSCAASGFTFTETYMSWVRQAPGKGLEWV
SNISPTYSTTNYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARYNSYQGGLDYWGQGTL
VTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL

YSL

SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPK

PKD'

TLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQD

120

WLNGKEYKCKVSNKALPAPIEKTISKAKGOQPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFEFSCSVMHEALHNHYTQKSL

SLSPG

Heavy chain DNA (with LALA)

SEQ ID NO:

GAAGTGCAACTGCTGGAGT CCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTGAGACTTATATGAGCTGGGT
GCGTCAGGCTCCGGGCAAAGGTCTGGAATGGGTTAGCAATATTTCTCCGACTTATAGCACTACC
AACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTA
CCTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACTCT
TACCAGGGTGGCTTGGACTACTGGGGCCAGGGAACCTTGGTCACCGTCTCGAGTGCTAGCACT
AAGGGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCC
CTGGGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCC
TGACCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCC
GTGGTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCC
CTCGAACACCAAGGTCGACAAGAAGGTCGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCC
GCCTTGCCCAGCCCCGGAAGCTGCCGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAA
GGATACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGA
GGACCCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAG
CCACGGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAG
ACTGGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGA
GAAAACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCC
CGGGATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAG
GCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACA
AGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGG
CGCAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAA
CCACTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

VH domain AA

SEQ ID NO:

EVQLLESGGGLVQPGGSLRLSCAASGFTFTETYMSWVRQAPGKGLEWV

SNISPTYSTTNYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARYNSYQGGLDYWGQGTL

VTVSS

VH domain DNA

SEQ ID NO:

GAAGTGCAACTGCTGGAGT CCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTGAGACTTATATGAGCTGGGT
GCGTCAGGCTCCGGGCAAAGGTCTGGAATGGGTTAGCAATATTTCTCCGACTTATAGCACTACC
AACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTA
CCTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACTCT
TACCAGGGTGGCTTGGACTACTGGGGCCAGGGAACCTTGGTCACCGTCTCGAGT

SEQ ID NO: 38 HCDR1 (AA) (IMGT) GFTFTETY

SEQ ID NO: 39 HCDR1 (AA) (Kabat) ETYMS

SEQ ID NO: 33 HCDR2 (AA) (IMGT) ISPTYSTT

SEQ ID NO: 34 HCDR2 (AA) Kabat) NISPTYSTTNYADSVKG
SEQ ID NO: 35 HCDR3 (AA) (IMGT) ARYNSYQGGLDY

SEQ ID NO: 36 HCDR3 (AA) (Kabat) YNSYQGGLDY

121

66

67

112
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Amino acid and cDNA sequences of light chain of FS22-172-003-AA/
FS28-256-001 mAb’

Light chain AA

SEQ ID NO: 82
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLANYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQHNQYPNTFGQGTKVEIKRTVAAPSVFIF
PPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Light chain DNA

SEQ ID NO: 122
GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAACATAATCAGTATCCGAATACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAACGTACTGTAGCAGCTCCTTCCGTGTTCATCTTTCCGCCCAGTGAT
GAGCAGCTGAAGTCAGGTACTGCTTCCGTGGTTTGCCTGCTCAACAACTTTTACCCCAGAGAAG
CCAAAGTCCAGTGGAAAGTGGACAATGCGTTGCAAAGCGGGAACTCTCAGGAATCCGTCACAGA
GCAGGACTCTAAGGACTCCACCTATAGCCTCTCTAGTACGCTGACACTGAGCAAAGCCGATTAC
GAGAAGCACAAGGTGTATGCCTGTGAGGTTACCCATCAAGGCCTTAGCTCACCAGTGACCAAGA
GCTTCAATAGGGGAGAATGC

VL domain AA

SEQ ID NO: 68
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQHNQYPNTFGQGTKVEIK

VL domain DNA

SEQ ID NO: 69
GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAACATAATCAGTATCCGAATACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAA

SEQ ID NO: 20 LCDR1 (AA) (IMGT) QSVSSSY

SEQ ID NO: 21 LCDR1 (AR) (Kabat) RASQSVSSSYLA
SEQ ID NO: 22 LCDR2 (AR) (IMGT) GAS

SEQ ID NO: 23 LCDR2 (AA) (Kabat) GASSRAT

SEQ ID NO: 40 LCDR3 (AA) (IMGT) QOHNQYPNT
SEQ ID NO: 40 LCDR3 (AA) (Kabat) QOHNQYPNT

Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/
FS28-256-005 mAb’

Heavy chain AA (without LALA)

SEQ ID NO: 118
EVQLLESGGGLVQPGGSLRLSCAASGFTFTETYMSWVRQAPGKGLEWV
SNISPTYSTTNYADSVKGRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCARYNSYQGGLDYWGQGTL
VIVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPK
PKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHYTQKSL
SLSPG

Heavy chain DNA (without LALA)

SEQ ID NO: 119
GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTGAGACTTATATGAGCTGGGT
GCGTCAGGCTCCGGGCAAAGGTCTGGAATGGGTTAGCAATATTTCTCCGACTTATAGCACTACC
AACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTA
CCTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACTCT
TACCAGGGTGGCTTGGACTACTGGGGCCAGGGAACCTTGGTCACCGTCTCGAGTGCTAGCACT
AAGGGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCC
CTGGGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCC
TGACCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCC
GTGGTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCC
CTCGAACACCAAGGTCGACAAGAAGGT CGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCC
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Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/

FS28-256-005 mAb?

GCCTTGCCCAGCCCCGGAACTGCTGGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAA
GGATACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGA
GGACCCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAG
CCACGGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAG
ACTGGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGA
GAAAACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCC
CGGGATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAG
GCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACA
AGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGG
CGCAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAA
CCACTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

Heavy chain AA (with LALA)

SEQ ID NO:

EVQLLESGGGLVQPGGSLRLSCAASGFTFTETYMSWVRQAPGKGLEWV
SNISPTYSTTNYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARYNSYQGGLDYWGQGTL
VTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL

YSL

SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPK

PKD'

TLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQD

120

WLNGKEYKCKVSNKALPAPIEKTISKAKGOQPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFEFSCSVMHEALHNHYTQKSL

SLSPG

Heavy chain DNA (with LALA)

SEQ ID NO:

GAAGTGCAACTGCTGGAGT CCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTGAGACTTATATGAGCTGGGT
GCGTCAGGCTCCGGGCAAAGGTCTGGAATGGGTTAGCAATATTTCTCCGACTTATAGCACTACC
AACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTA
CCTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACTCT
TACCAGGGTGGCTTGGACTACTGGGGCCAGGGAACCTTGGTCACCGTCTCGAGTGCTAGCACT
AAGGGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCC
CTGGGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCC
TGACCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCC
GTGGTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCC
CTCGAACACCAAGGTCGACAAGAAGGTCGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCC
GCCTTGCCCAGCCCCGGAAGCTGCCGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAA
GGATACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGA
GGACCCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAG
CCACGGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAG
ACTGGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGA
GAAAACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCC
CGGGATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAG
GCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACA
AGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGG
CGCAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAA
CCACTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

VH domain AA

SEQ ID NO:

EVQLLESGGGLVQPGGSLRLSCAASGFTFTETYMSWVRQAPGKGLEWV

SNISPTYSTTNYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARYNSYQGGLDYWGQGTL

VTVSS

VH domain DNA

SEQ ID NO:

GAAGTGCAACTGCTGGAGT CCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTGAGACTTATATGAGCTGGGT
GCGTCAGGCTCCGGGCAAAGGTCTGGAATGGGTTAGCAATATTTCTCCGACTTATAGCACTACC
AACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTA
CCTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACTCT
TACCAGGGTGGCTTGGACTACTGGGGCCAGGGAACCTTGGTCACCGTCTCGAGT

SEQ ID NO: 38 HCDR1 (AA) (IMGT) GFTFTETY

SEQ ID NO: 39 HCDR1 (AA) (Kabat) ETYMS

SEQ ID NO: 33 HCDR2 (AA) (IMGT) ISPTYSTT

SEQ ID NO: 34 HCDR2 (AA) Kabat) NISPTYSTTNYADSVKG
SEQ ID NO: 35 HCDR3 (AA) (IMGT) ARYNSYQGGLDY

SEQ ID NO: 36 HCDR3 (AA) (Kabat) YNSYQGGLDY

121

66

67

116
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Amino acid and cDNA sequences of light chain of FS22-172-003-AA/
FS28-256-005 mAb?

SEQ ID NO: 83
Light chain AA
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLANYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQALGYPHTFGQGTKVEIKRTVAAPSVFIF
PPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Light chain DNA

SEQ ID NO: 90
GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAAGCTTTGGGTTATCCTCATACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAACGTACTGTAGCAGCTCCTTCCGTGTTCATCTTTCCGCCCAGTGAT
GAGCAGCTGAAGTCAGGTACTGCTTCCGTGGTTTGCCTGCTCAACAACTTTTACCCCAGAGAAG
CCAAAGTCCAGTGGAAAGTGGACAATGCGTTGCAAAGCGGGAACTCTCAGGAATCCGTCACAGA
GCAGGACTCTAAGGACTCCACCTATAGCCTCTCTAGTACGCTGACACTGAGCAAAGCCGATTAC
GAGAAGCACAAGGTGTATGCCTGTGAGGTTACCCATCAAGGCCTTAGCTCACCAGTGACCAAGA
GCTTCAATAGGGGAGAATGC

VL domain AA

SEQ ID NO: 78
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQALGYPHTFGQGTKVEIK

VL domain DNA

SEQ ID NO: 79
GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAAGCTTTGGGTTATCCTCATACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAA

SEQ ID NO: 20 LCDR1 (AA) (IMGT) QSVSSSY

SEQ ID NO: 21 LCDR1 (AA) (Kabat) RASQSVSSSYLA
SEQ ID NO: 22 LCDR2 (AA) (IMGT) GAS

SEQ ID NO: 23 LCDR2 (AA) (Kabat) GASSRAT

SEQ ID NO: 41 LCDR3 (AA) (IMGT) QOALGYPHT
SEQ ID NO: 41 LCDR3 (AA) (Kabat) QOALGYPHT

Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/
FS28-256-012 mAb?

Heavy chain AA (without LALA)

SEQ ID NO: 123
EVQLLESGGGLVQPGGSLRLSCAASGFTFTHTYMSWVRQAPGKGLEWV
SNISPTYSTTNYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARYNAYHAALDYWGQGTL
VIVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPK
PKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHYTQKSL
SLSPG

Heavy chain DNA (without LALA)

SEQ ID NO: 124
GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCATACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGT TAGCAATATTTCTCCGACTTATAGCACTACCAA
CTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAACAAGAACACGCTGTACC
TGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCGTA
TCATGCTGCTCTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGTGCTAGCACTAAG
GGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCCCTG
GGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCTGA
CCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCCGTG
GTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCCCTC
GAACACCAAGGTCGACAAGAAGGTCGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCCGCC

118
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TTGCCCAGCCCCGGAACTGCTGGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAAGGAT
ACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGAGGAC

CCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAGCCAC
GGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAGACTG
GCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGAGARAA
ACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGG

GATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGT CAAAGGCT
TCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGA

CCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGGCG

CAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAACCA
CTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

Heavy chain AA (with LALA)

SEQ ID NO: 125
EVQLLESGGGLVQPGGSLRLSCAASGFTFTHTYMSWVRQAPGKGLEWV
SNISPTYSTTNYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARYNAYHAALDYWGQGTL
VIVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPK
PKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYEGVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHYTQKSL
SLSPG

Heavy chain DNA (with LALA)

SEQ ID NO: 126
GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCATACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGT TAGCAATATTTCTCCGACTTATAGCACTACCAA
CTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAACAAGAACACGCTGTACC
TGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCGTA
TCATGCTGCTCTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGTGCTAGCACTAAG
GGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCCCTG
GGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCTGA
CCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCCGTG
GTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCCCTC
GAACACCAAGGTCGACAAGAAGGTCGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCCGCC
TTGCCCAGCCCCGGAAGCTGCCGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAAGGA
TACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGAGGA
CCCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAGCCA
CGGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAGACT
GGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGAGA
AAACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCCCG
GGATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGC
TTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAG
ACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGGCG
CAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAACCA
CTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

VH domain AA

SEQ ID NO: 70
EVQLLESGGGLVQPGGSLRLSCAASGFTFTHTYMSWVRQAPGKGLEWV
SNISPTYSTTNYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARYNAYHAALDYWGQGTLV
TVSS

VH domain DNA

SEQ ID NO: 71
GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCATACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGT TAGCAATATTTCTCCGACTTATAGCACTACCAA
CTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAACAAGAACACGCTGTACC
TGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCGTA
TCATGCTGCTCTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGT

SEQ ID NO: 42 HCDR1 (AA) (IMGT) GFTFTHTY

SEQ ID NO: 43 HCDR1 (AA) (Kabat) HTYMS

SEQ ID NO: 33 HCDR2 (AA) (IMGT) ISPTYSTT

SEQ ID NO: 34 HCDR2 (AA) Kabat) NISPTYSTTNYADSVKG
SEQ ID NO: 44 HCDR3 (AA) (IMGT) ARYNAYHAALDY

SEQ ID NO: 45 HCDR3 (AA) (Kabat) YNAYHAALDY
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Light chain AA

SEQ ID NO: 116
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLANYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQSYYYPITFGQGTKVEIKRTVAAPSVFIF
PPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Light chain DNA

SEQ ID NO: 117
GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAATCTTATTATTATCCTATCACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAACGTACTGTGGCCGCTCCTAGCGTGTTCATTTTTCCGCCATCCGA
CGAGCAGCTCAAGTCCGGCACCGCCTCCGTGGTCTGCCTGCTCAACAACTTCTACCCTCGCGAA
GCTAAGGTCCAGTGGAAGGTCGACAATGCCCTGCAGTCCGGAAACTCGCAGGAAAGCGTGACT
GAACAGGACTCCAAGGACTCCACCTATTCACTGTCCTCGACTCTGACCCTGAGCAAGGCGGATT
ACGAAAAGCACAAAGTGTACGCATGCGAAGTGACCCACCAGGGTCTTTCGTCCCCCGTGACCAA
GAGCTTCAACAGAGGAGAGTGT

VL domain AA

SEQ ID NO: 64
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQSYYYPITFGQGTKVEIK

VL domain DNA

SEQ ID NO: 65
GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAATCTTATTATTATCCTATCACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAA

SEQ ID NO: 20 LCDR1 (AA) (IMGT) QSVSSSY

SEQ ID NO: 21 LCDR1 (AA) (Kabat) RASQSVSSSYLA
SEQ ID NO: 22 LCDR2 (AA) (IMGT) GAS

SEQ ID NO: 23 LCDR2 (AA) (Kabat) GASSRAT

SEQ ID NO: 37 LCDR3 (AA) (IMGT) QOSYYYPIT
SEQ ID NO: 37 LCDR3 (AA) (Kabat) QOSYYYPIT

Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/
FS28-256-014 mAb’

Heavy chain AA (without LALA)

SEQ ID NO: 127
EVQLLESGGGLVQPGGSLRLSCAASGFTFTDTYMSWVRQAPGKGLEWV
SNISPTYSTTNYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARYNAYAAGLDYWGQGTL
VIVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPK
PKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHYTQKSL
SLSPG

Heavy chain DNA (without LALA)

SEQ ID NO: 128
GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTGATACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGT TAGCAATATTTCTCCGACTTATAGCACTACCAA
CTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTAC
CTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCGT
ATGCGGCGGGTCTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGTGCTAGCACTA
AGGGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACAT CAGGGGGTACCGCCGCCC
TGGGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCT
GACCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCC
GTGGTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCC
CTCGAACACCAAGGTCGACAAGAAGGT CGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCC



US 12,319,739 B2
123 124

-continued

Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/
FS28-256-014 mAb?

GCCTTGCCCAGCCCCGGAACTGCTGGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAA
GGATACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGA
GGACCCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAG
CCACGGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAG
ACTGGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGA
GAAAACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCC
CGGGATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAG
GCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACA
AGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGG
CGCAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAA
CCACTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

Heavy chain AA (with LALA)

SEQ ID NO: 129
EVQLLESGGGLVQPGGSLRLSCAASGFTFTDTYMSWVRQAPGKGLEWV
SNISPTYSTTNYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARYNAYAAGLDYWGQGTL
VIVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPK
PKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYEGVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHYTQKSL
SLSPG

Heavy chain DNA (with LALA)

SEQ ID NO: 130
GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTGATACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGT TAGCAATATTTCTCCGACTTATAGCACTACCAA
CTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTAC
CTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCGT
ATGCGGCGGGTCTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGTGCTAGCACTA
AGGGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACAT CAGGGGGTACCGCCGCCC
TGGGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCT
GACCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCC
GTGGTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCC
CTCGAACACCAAGGTCGACAAGAAGGT CGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCC
GCCTTGCCCAGCCCCGGAAGCTGCCGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAA
GGATACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGA
GGACCCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAG
CCACGGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAG
ACTGGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGA
GAAAACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCC
CGGGATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAG
GCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACA
AGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGG
CGCAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAA
CCACTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

VH domain AA

SEQ ID NO: 72
EVQLLESGGGLVQPGGSLRLSCAASGFTFTDTYMSWVRQAPGKGLEWV
SNISPTYSTTNYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARYNAYAAGLDYWGQGTLV
TVSS

VH domain DNA

SEQ ID NO: 73
GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTGATACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGT TAGCAATATTTCTCCGACTTATAGCACTACCAA
CTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTAC
CTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCGT
ATGCGGCGGGTCTTGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGT

SEQ ID NO: 46 HCDR1 (AA) (IMGT) GFTFTDTY

SEQ ID NO: 47 HCDR1 (AA) (Kabat) DTYMS

SEQ ID NO: 33 HCDR2 (AA) (IMGT) ISPTYSTT

SEQ ID NO: 34 HCDR2 (AA) Kabat) NISPTYSTTNYADSVKG
SEQ ID NO: 48 HCDR3 (AA) (IMGT) ARYNAYAAGLDY

SEQ ID NO: 49 HCDR3 (AA) (Kabat) YNAYAAGLDY
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Light chain AA

SEQ ID NO: 116
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLANYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQSYYYPITFGQGTKVEIKRTVAAPSVFIF
PPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Light chain DNA

SEQ ID NO: 117
GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAATCTTATTATTATCCTATCACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAACGTACTGTGGCCGCTCCTAGCGTGTTCATTTTTCCGCCATCCGA
CGAGCAGCTCAAGTCCGGCACCGCCTCCGTGGTCTGCCTGCTCAACAACTTCTACCCTCGCGAA
GCTAAGGTCCAGTGGAAGGTCGACAATGCCCTGCAGTCCGGAAACTCGCAGGAAAGCGTGACT
GAACAGGACTCCAAGGACTCCACCTATTCACTGTCCTCGACTCTGACCCTGAGCAAGGCGGATT
ACGAAAAGCACAAAGTGTACGCATGCGAAGTGACCCACCAGGGTCTTTCGTCCCCCGTGACCAA
GAGCTTCAACAGAGGAGAGTGT

VL domain AA

SEQ ID NO: 64
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQSYYYPITFGQGTKVEIK

VL domain DNA

SEQ ID NO: 65
GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAATCTTATTATTATCCTATCACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAA

SEQ ID NO: 20 LCDR1 (AA) (IMGT) QSVSSSY

SEQ ID NO: 21 LCDR1 (AA) (Kabat) RASQSVSSSYLA
SEQ ID NO: 22 LCDR2 (AA) (IMGT) GAS

SEQ ID NO: 23 LCDR2 (AA) (Kabat) GASSRAT

SEQ ID NO: 37 LCDR3 (AA) (IMGT) QOSYYYPIT
SEQ ID NO: 37 LCDR3 (AA) (Kabat) QOSYYYPIT

Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/
FS28-256-018 mAb’

Heavy chain AA (without LALA)

SEQ ID NO: 131
EVQLLESGGGLVQPGGSLRLSCAASGFTFTQTYMSWVRQAPGKGLEWV
SNISPTYSTTNYADSVKGRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCARYNAYQIGLDYWGQGTL
VIVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPK
PKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHYTQKSL
SLSPG

Heavy chain DNA (without LALA)

SEQ ID NO: 132
GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTGGTTCTCTGCGTC
TGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCAGACTTATATGAGCTGGGTGCGTCAGGCTCC
GGGCAAAGGTCTGGAATGGGTTAGCAATATTTCTCCGACT TATAGCACTACCAACTATGCGGATA
GCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTACCTGCAGATGAA
CTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCTTATCAGATTGGG
TTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGTGCTAGCACTAAGGGCCCGTCG
GTGTTCCCGCTGGCCCCATCGTCCAAGAGCACAT CAGGGGGTACCGCCGCCCTGGGCTGCCTT
GTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCTGACCTCCGGA
GTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCCGTGGTCACCGT
CCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCCCTCGAACACCA
AGGTCGACAAGAAGGTCGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCCGCCTTGCCCAG
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CCCCGGAACTGCTGGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAAGGATACCCTGAT
GATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGAGGACCCGGAAGT
GAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAGCCACGGGAAGAA
CAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAGACTGGCTGAACG
GGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGAGAAAACTATCTC
GAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCT
GCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCA
GCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACGCCTC
CCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGGCGCAGATAGGTG
GCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAACCACTACACTCAG
AAGAGCTTGTCCCTGTCGCCCGGT

Heavy chain AA (with LALA)

SEQ ID NO: 133
EVQLLESGGGLVQPGGSLRLSCAASGFTFTQTYMSWVRQAPGKGLEWV
SNISPTYSTTNYADSVKGRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCARYNAYQIGLDYWGQGTL
VIVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPK
PKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYEGVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHYTQKSL
SLSPG

Heavy chain DNA (with LALA)

SEQ ID NO: 134
GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCAGACTTATATGAGCTGGGT
GCGTCAGGCTCCGGGCAAAGGTCTGGAATGGGTTAGCAATATTTCTCCGACTTATAGCACTACC
AACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTA
CCTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCT
TATCAGATTGGGTTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGTGCTAGCACTA
AGGGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACAT CAGGGGGTACCGCCGCCC
TGGGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCT
GACCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCC
GTGGTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCC
CTCGAACACCAAGGTCGACAAGAAGGT CGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCC
GCCTTGCCCAGCCCCGGAAGCTGCCGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAA
GGATACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGA
GGACCCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAG
CCACGGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAG
ACTGGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGA
GAAAACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCC
CGGGATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAG
GCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACA
AGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGG
CGCAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAA
CCACTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

VH domain AA

SEQ ID NO: 74
EVQLLESGGGLVQPGGSLRLSCAASGFTFTQTYMSWVRQAPGKGLEWV
SNISPTYSTTNYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARYNAYQIGLDYWGQGTLV
TVSS

VH domain DNA

SEQ ID NO: 75
GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCAGACTTATATGAGCTGGGT
GCGTCAGGCTCCGGGCAAAGGTCTGGAATGGGTTAGCAATATTTCTCCGACTTATAGCACTACC
AACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTA
CCTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCT
TATCAGATTGGGTTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGT

SEQ ID NO: 50 HCDR1 (AA) (IMGT) GFTFTQTY

SEQ ID NO: 51 HCDR1 (AA) (Kabat) QTYMS

SEQ ID NO: 33 HCDR2 (AA) (IMGT) ISPTYSTT

SEQ ID NO: 34 HCDR2 (AA) Kabat) NISPTYSTTNYADSVKG
SEQ ID NO: 52 HCDR3 (AA) (IMGT) ARYNAYQIGLDY

SEQ ID NO: 53 HCDR3 (AA) (Kabat) YNAYQIGLDY
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Amino acid and cDNA sequences of light chain of FS22-172-003-AA/
FS28-256-018 mAb’

Light chain AA
SEQ ID NO: 116
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQSYYYPITFGQGTKVEIKRTVAAPSVFIF
PPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Light chain DNA
SEQ ID NO: 117

GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAATCTTATTATTATCCTATCACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAACGTACTGTGGCCGCTCCTAGCGTGTTCATTTTTCCGCCATCCGA
CGAGCAGCTCAAGTCCGGCACCGCCTCCGTGGTCTGCCTGCTCAACAACTTCTACCCTCGCGAA
GCTAAGGTCCAGTGGAAGGTCGACAATGCCCTGCAGTCCGGAAACTCGCAGGAAAGCGTGACT
GAACAGGACTCCAAGGACTCCACCTATTCACTGTCCTCGACTCTGACCCTGAGCAAGGCGGATT
ACGAAAAGCACAAAGTGTACGCATGCGAAGTGACCCACCAGGGTCTTTCGTCCCCCGTGACCAA
GAGCTTCAACAGAGGAGAGTGT

VL domain AA
SEQ ID NO: 64
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQSYYYPITFGQGTKVEIK

VL domain DNA
SEQ ID NO: 65

GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAATCTTATTATTATCCTATCACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAA

SEQ ID NO: 20 LCDR1 (AA) (IMGT) QSVSSSY

SEQ ID NO: 21 LCDR1 (AA) (Kabat) RASQSVSSSYLA
SEQ ID NO: 22 LCDR2 (AA) (IMGT) GAS

SEQ ID NO: 23 LCDR2 (AA) (Kabat) GASSRAT

SEQ ID NO: 37 LCDR3 (AA) (IMGT) QOSYYYPIT
SEQ ID NO: 37 LCDR3 (AA) (Kabat) QOSYYYPIT

Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/
FS28-256-021 mAb’

Heavy chain AA (without LALA)
SEQ ID NO: 123

EVQLLESGGGLVQPGGSLRLSCAASGFTFTHTYMSWVRQAPGKGLEWV
SNISPTYSTTNYADSVKGRFTISRDNNKNTLYLOQMNSLRAEDTAVYYCARYNAYHAALDYWGQGTLV
TVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLY
SLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHYTQKSL
SLSPG

Heavy chain DNA (without LALA)
SEQ ID NO: 124

GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCATACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGT TAGCAATATTTCTCCGACTTATAGCACTACCAA
CTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAACAAGAACACGCTGTACC
TGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCGTA
TCATGCTGCTCTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGTGCTAGCACTAAG
GGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCCCTG
GGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCTGA
CCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCCGTG
GTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCCCTC
GAACACCAAGGTCGACAAGAAGGTCGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCCGCC



US 12,319,739 B2
131 132

-continued

Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/
FS28-256-021 mAb?

TTGCCCAGCCCCGGAACTGCTGGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAAGGAT
ACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGAGGAC

CCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAGCCAC
GGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAGACTG
GCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGAGARAA
ACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGG

GATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGT CAAAGGCT
TCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGA

CCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGGCG

CAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAACCA
CTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

Heavy chain AA (with LALA)
SEQ ID NO: 125

EVQLLESGGGLVQPGGSLRLSCAASGFTFTHTYMSWVRQAPGKGLEWV
SNISPTYSTTNYADSVKGRFTISRDNNKNTLYLOQMNSLRAEDTAVYYCARYNAYHAALDYWGQGTLV
TVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLY
SLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYEVVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHYTQKSL
SLSPG

Heavy chain DNA (with LALA)
SEQ ID NO: 126

GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCATACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGT TAGCAATATTTCTCCGACTTATAGCACTACCAA
CTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAACAAGAACACGCTGTACC
TGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCGTA
TCATGCTGCTCTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGTGCTAGCACTAAG
GGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCCCTG
GGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCTGA
CCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCCGTG
GTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCCCTC
GAACACCAAGGTCGACAAGAAGGTCGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCCGCC
TTGCCCAGCCCCGGAAGCTGCCGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAAGGA
TACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGAGGA
CCCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAGCCA
CGGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAGACT
GGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGAGA
AAACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCCCG
GGATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGC
TTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAG
ACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGGCG
CAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAACCA
CTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

VH domain AA
SEQ ID NO: 70
EVQLLESGGGLVQPGGSLRLSCAASGFTFTHTYMSWVRQAPGKGLEWV
SNISPTYSTTNYADSVKGRFTISRDNNKNTLYLOQMNSLRAEDTAVYYCARYNAYHAALDYWGQGTLV
TVSS

VH domain DNA
SEQ ID NO: 71

GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCATACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGT TAGCAATATTTCTCCGACTTATAGCACTACCAA
CTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAACAAGAACACGCTGTACC
TGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCGTA
TCATGCTGCTCTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGT

SEQ ID NO: 42 HCDR1 (AA) (IMGT) GFTFTHTY

SEQ ID NO: 43 HCDR1 (AA) (Kabat) HTYMS

SEQ ID NO: 33 HCDR2 (AA) (IMGT) ISPTYSTT

SEQ ID NO: 34 HCDR2 (AA) Kabat) NISPTYSTTNYADSVKG
SEQ ID NO: 44 HCDR3 (AA) (IMGT) ARYNAYHAALDY

SEQ ID NO: 45 HCDR3 (AA) (Kabat) YNAYHAALDY
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Amino acid and cDNA sequences of light chain of FS22-172-003-AA/

FS28-256-021 mAb’

Light chain AA
SEQ ID

EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIY

NO:

GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQHNQYPNTFGQGTKVEIKRTVAAPSVFEI

FPPSDEQLKSGTASVVCLLNNFYPREAKVOQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA

DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Light chain DNA

SEQ ID NO:

GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAACATAATCAGTATCCGAATACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAACGTACTGTAGCAGCTCCTTCCGTGTTCATCTTTCCGCCCAGTGAT
GAGCAGCTGAAGTCAGGTACTGCTTCCGTGGTTTGCCTGCTCAACAACTTTTACCCCAGAGAAG
CCAAAGTCCAGTGGAAAGTGGACAATGCGTTGCAAAGCGGGAACTCTCAGGAATCCGTCACAGA
GCAGGACTCTAAGGACTCCACCTATAGCCTCTCTAGTACGCTGACACTGAGCAAAGCCGATTAC
GAGAAGCACAAGGTGTATGCCTGTGAGGTTACCCATCAAGGCCTTAGCTCACCAGTGACCAAGA
GCTTCAATAGGGGAGAATGC

VL domain AA

SEQ ID NO:
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWNYQQKPGQAPRLLIY

GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQHNQYPNTFGQGTKVEIK

VL domain DNA

SEQ ID NO:

GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAACATAATCAGTATCCGAATACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAA

SEQ ID NO: 20 LCDR1 (AR) (IMGT) QsVSssY

SEQ ID NO: 21 LCDR1 (AA) (Kabat) RASQSVSSSYLA
SEQ ID NO: 22 LCDR2 (AR) (IMGT) GAs

SEQ ID NO: 23 LCDR2 (AA) (Kabat) GASSRAT

SEQ ID NO: 40 LCDR3 (AR) (IMGT) QQHNQYPNT
SEQ ID NO: 40 LCDR3 (AA) (Kabat) QQHNQYPNT

82

122

68

69

Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/

FS28-256-023 mAb’

Heavy chain AA (without LALA)
SEQ ID NO:
EVQLLESGGGLVQPGGSLRLSCAASGFTFTQTYMSWVRQAPGKGLEW

VSNISPTYSTTNYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARYNAYQIGLDYWGQGTL
VTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL

YSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPK

PRDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQD

131

WLNGKEYKCKVSNKALPAPIEKTISKAKGOQPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS

DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHYTQKSL
SLSPG
Heavy chain DNA (Without LALA)
SEQ ID NO:

GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCAGACTTATATGAGCTGGGT
GCGTCAGGCTCCGGGCAAAGGTCTGGAATGGGTTAGCAATATTTCTCCGACTTATAGCACTACC
AACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTA
CCTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCT
TATCAGATTGGGTTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGTGCTAGCACTA
AGGGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACAT CAGGGGGTACCGCCGCCC
TGGGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCT
GACCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCC
GTGGTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCC
CTCGAACACCAAGGTCGACAAGAAGGT CGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCC
GCCTTGCCCAGCCCCGGAACTGCTGGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAA

132

134
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Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/
FS28-256-023 mAb?

GGATACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGA
GGACCCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAG
CCACGGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAG
ACTGGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGA
GAAAACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCC
CGGGATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAG
GCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACA
AGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGG
CGCAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAA
CCACTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

Heavy chain AA (with LALA)
SEQ ID NO: 133

EVQLLESGGGLVQPGGSLRLSCAASGFTFTQTYMSWVRQAPGKGLEW
VSNISPTYSTTNYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARYNAYQIGLDYWGQGTL
VIVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPK
PKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYEGVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHYTQKSL
SLSPG

Heavy chain DNA (with LALA)
SEQ ID NO: 134

GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCAGACTTATATGAGCTGGGT
GCGTCAGGCTCCGGGCAAAGGTCTGGAATGGGTTAGCAATATTTCTCCGACTTATAGCACTACC
AACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTA
CCTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCT
TATCAGATTGGGTTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGTGCTAGCACTA
AGGGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACAT CAGGGGGTACCGCCGCCC
TGGGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCT
GACCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCC
GTGGTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCC
CTCGAACACCAAGGTCGACAAGAAGGT CGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCC
GCCTTGCCCAGCCCCGGAAGCTGCCGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAA
GGATACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGA
GGACCCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAG
CCACGGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAG
ACTGGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGA
GAAAACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCC
CGGGATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAG
GCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACA
AGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGG
CGCAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAA
CCACTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

VH domain AA
SEQ ID NO: 74
EVQLLESGGGLVQPGGSLRLSCAASGFTFTQTYMSWVRQAPGKGLEW
VSNISPTYSTTNYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARYNAYQIGLDYWGQGTL
VTVSS

VH domain DNA
SEQ ID NO: 75

GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCAGACTTATATGAGCTGGGT
GCGTCAGGCTCCGGGCAAAGGTCTGGAATGGGTTAGCAATATTTCTCCGACTTATAGCACTACC
AACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTA
CCTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCT
TATCAGATTGGGTTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGT

SEQ ID NO: 50 HCDR1 (AA) (IMGT) GFTFTQTY

SEQ ID NO: 51 HCDR1 (AA) (Kabat) QTYMS

SEQ ID NO: 33 HCDR2 (AA) (IMGT) ISPTYSTT

SEQ ID NO: 34 HCDR2 (AA) Kabat) NISPTYSTTNYADSVKG
SEQ ID NO: 52 HCDR3 (AA) (IMGT) ARYNAYQIGLDY

SEQ ID NO: 53 HCDR3 (AA) (Kabat) YNAYQIGLDY
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Amino acid and cDNA sequences of light chain of FS22-172-003-AA/

FS28-256-023 mAb’

Light chain AA
SEQ ID

EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIY

NO:

GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQHNQYPNTFGQGTKVEIKRTVAAPSVFEI

FPPSDEQLKSGTASVVCLLNNFYPREAKVOQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA

DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Light chain DNA

SEQ ID NO:

GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAACATAATCAGTATCCGAATACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAACGTACTGTAGCAGCTCCTTCCGTGTTCATCTTTCCGCCCAGTGAT
GAGCAGCTGAAGTCAGGTACTGCTTCCGTGGTTTGCCTGCTCAACAACTTTTACCCCAGAGAAG
CCAAAGTCCAGTGGAAAGTGGACAATGCGTTGCAAAGCGGGAACTCTCAGGAATCCGTCACAGA
GCAGGACTCTAAGGACTCCACCTATAGCCTCTCTAGTACGCTGACACTGAGCAAAGCCGATTAC
GAGAAGCACAAGGTGTATGCCTGTGAGGTTACCCATCAAGGCCTTAGCTCACCAGTGACCAAGA
GCTTCAATAGGGGAGAATGC

VL domain AA

SEQ ID NO:
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIY

GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQHNQYPNTFGQGTKVEIK

VL domain DNA

SEQ ID NO:

GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAACATAATCAGTATCCGAATACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAA

SEQ ID NO: 20 LCDR1 (AR) (IMGT) QsVSssY

SEQ ID NO: 21 LCDR1 (AA) (Kabat) RASQSVSSSYLA
SEQ ID NO: 22 LCDR2 (AR) (IMGT) GAs

SEQ ID NO: 23 LCDR2 (AA) (Kabat) GASSRAT

SEQ ID NO: 40 LCDR3 (AR) (IMGT) QQHNQYPNT
SEQ ID NO: 40 LCDR3 (AA) (Kabat) QQHNQYPNT

82

122

68

69

Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/

FS28-256-024 mAL’

Heavy chain AA (without LALA)
SEQ ID NO:
EVQLLESGGGLVQPGGSLRLSCAASGFTFTHTYMSWVRQAPGKGLEWV

123

SNISPTYSTTNYADSVKGRFTISRDNNKNTLYLQMNSLRAEDTAVYYCARYNAYHAALDYWGQGTLV

TVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY

SLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKP

KDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQD

WLNGKEYKCKVSNKALPAPIEKTISKAKGOQPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS

DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFEFSCSVMHEALHNHYTQKSL
SLSPG

Heavy chain DNA (without LALA)
SEQ ID NO:

GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCATACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGT TAGCAATATTTCTCCGACTTATAGCACTACCAA
CTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAACAAGAACACGCTGTACC
TGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCGTA
TCATGCTGCTCTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGTGCTAGCACTAAG
GGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCCCTG
GGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCTGA
CCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCCGTG
GTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCCCTC
GAACACCAAGGTCGACAAGAAGGTCGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCCGCC

124

138
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Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/
FS28-256-024 mAb?

TTGCCCAGCCCCGGAACTGCTGGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAAGGAT
ACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGAGGAC

CCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAGCCAC
GGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAGACTG
GCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGAGARAA
ACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGG

GATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGT CAAAGGCT
TCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGA

CCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGGCG

CAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAACCA
CTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

Heavy chain AA (with LALA)
SEQ ID NO: 125

EVQLLESGGGLVQPGGSLRLSCAASGFTFTHTYMSWVRQAPGKGLEWV
SNISPTYSTTNYADSVKGRFTISRDNNKNTLYLOQMNSLRAEDTAVYYCARYNAYHAALDYWGQGTLV
TVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLY
SLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYEVVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHYTQKSL
SLSPG

Heavy chain DNA (with LALA)
SEQ ID NO: 126

GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCATACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGT TAGCAATATTTCTCCGACTTATAGCACTACCAA
CTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAACAAGAACACGCTGTACC
TGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCGTA
TCATGCTGCTCTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGTGCTAGCACTAAG
GGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCCCTG
GGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCTGA
CCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCCGTG
GTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCCCTC
GAACACCAAGGTCGACAAGAAGGTCGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCCGCC
TTGCCCAGCCCCGGAAGCTGCCGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAAGGA
TACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGAGGA
CCCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAGCCA
CGGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAGACT
GGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGAGA
AAACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCCCG
GGATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGC
TTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAG
ACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGGCG
CAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAACCA
CTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

VH domain AA
SEQ ID NO: 70
EVQLLESGGGLVQPGGSLRLSCAASGFTFTHTYMSWVRQAPGKGLEWV
SNISPTYSTTNYADSVKGRFTISRDNNKNTLYLOQMNSLRAEDTAVYYCARYNAYHAALDYWGQGTLV
TVSS

VH domain DNA
SEQ ID NO: 71

GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCATACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGT TAGCAATATTTCTCCGACTTATAGCACTACCAA
CTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAACAAGAACACGCTGTACC
TGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCGTA
TCATGCTGCTCTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGT

SEQ ID NO: 42 HCDR1 (AA) (IMGT) GFTFTHTY

SEQ ID NO: 43 HCDR1 (AA) (Kabat) HTYMS

SEQ ID NO: 33 HCDR2 (AA) (IMGT) ISPTYSTT

SEQ ID NO: 34 HCDR2 (AA) Kabat) NISPTYSTTNYADSVKG
SEQ ID NO: 44 HCDR3 (AA) (IMGT) ARYNAYHAALDY

SEQ ID NO: 45 HCDR3 (AA) (Kabat) YNAYHAALDY
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Amino acid and cDNA sequences of light chain of FS22-172-003-AA/
FS28-256-024 mAb>

Light chain AA
SEQ ID NO: 83
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQALGYPHTFGQGTKVEIKRTVAAPSVFEI
FPPSDEQLKSGTASVVCLLNNFYPREAKVOQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Light chain DNA
SEQ ID NO: 90

GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAAGCTTTGGGTTATCCTCATACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAACGTACTGTAGCAGCTCCTTCCGTGTTCATCTTTCCGCCCAGTGAT
GAGCAGCTGAAGTCAGGTACTGCTTCCGTGGTTTGCCTGCTCAACAACTTTTACCCCAGAGAAG
CCAAAGTCCAGTGGAAAGTGGACAATGCGTTGCAAAGCGGGAACTCTCAGGAATCCGTCACAGA
GCAGGACTCTAAGGACTCCACCTATAGCCTCTCTAGTACGCTGACACTGAGCAAAGCCGATTAC
GAGAAGCACAAGGTGTATGCCTGTGAGGTTACCCATCAAGGCCTTAGCTCACCAGTGACCAAGA
GCTTCAATAGGGGAGAATGC

VL domain AA
SEQ ID NO: 78
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQALGYPHTFGQGTKVEIK

VL domain DNA
SEQ ID NO: 79

GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAAGCTTTGGGTTATCCTCATACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAA

SEQ ID NO: 20 LCDR1 (AA) (IMGT) QSVSSSY

SEQ ID NO: 21 LCDR1 (AA) (Kabat) RASQSVSSSYLA
SEQ ID NO: 22 LCDR2 (AA) (IMGT) GAS

SEQ ID NO: 23 LCDR2 (AA) (Kabat) GASSRAT

SEQ ID NO: 41 LCDR3 (AA) (IMGT) QOALGYPHT
SEQ ID NO: 41 LCDR3 (AA) (Kabat) QOALGYPHT

Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/
FS28-256-026 mAb’

Heavy chain AA (without LALA)
SEQ ID NO: 131

EVQLLESGGGLVQPGGSLRLSCAASGFTFTQTYMSWVRQAPGKGLEW
VSNISPTYSTTNYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARYNAYQIGLDYWGQGTL
VIVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPK
PKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHYTQKSL
SLSPG

Heavy chain DNA (without LALA)
SEQ ID NO: 132

GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCAGACTTATATGAGCTGGGT
GCGTCAGGCTCCGGGCAAAGGTCTGGAATGGGTTAGCAATATTTCTCCGACTTATAGCACTACC
AACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTA
CCTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCT
TATCAGATTGGGTTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGTGCTAGCACTA
AGGGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACAT CAGGGGGTACCGCCGCCC
TGGGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCT
GACCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCC
GTGGTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCC
CTCGAACACCAAGGTCGACAAGAAGGT CGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCC
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Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/
FS28-256-026 mAb?

GCCTTGCCCAGCCCCGGAACTGCTGGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAA
GGATACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGA
GGACCCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAG
CCACGGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAG
ACTGGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGA
GAAAACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCC
CGGGATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAG
GCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACA
AGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGG
CGCAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAA
CCACTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

Heavy chain AA (with LALA)
SEQ ID NO: 133

EVQLLESGGGLVQPGGSLRLSCAASGFTFTQTYMSWVRQAPGKGLEW
VSNISPTYSTTNYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARYNAYQIGLDYWGQGTL
VIVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPK
PKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYEGVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHYTQKSL
SLSPG

Heavy chain DNA (with LALA)
SEQ ID NO: 134

GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCAGACTTATATGAGCTGGGT
GCGTCAGGCTCCGGGCAAAGGTCTGGAATGGGTTAGCAATATTTCTCCGACTTATAGCACTACC
AACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTA
CCTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCT
TATCAGATTGGGTTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGTGCTAGCACTA
AGGGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACAT CAGGGGGTACCGCCGCCC
TGGGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCT
GACCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCC
GTGGTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCC
CTCGAACACCAAGGTCGACAAGAAGGT CGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCC
GCCTTGCCCAGCCCCGGAAGCTGCCGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAA
GGATACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGA
GGACCCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAG
CCACGGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAG
ACTGGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGA
GAAAACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCC
CGGGATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAG
GCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACA
AGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGG
CGCAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAA
CCACTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

VH domain AA
SEQ ID NO: 74
EVQLLESGGGLVQPGGSLRLSCAASGFTFTQTYMSWVRQAPGKGLEW
VSNISPTYSTTNYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARYNAYQIGLDYWGQGTL
VTVSS

VH domain DNA
SEQ ID NO: 75

GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCAGACTTATATGAGCTGGGT
GCGTCAGGCTCCGGGCAAAGGTCTGGAATGGGTTAGCAATATTTCTCCGACTTATAGCACTACC
AACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTA
CCTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCT
TATCAGATTGGGTTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGT

SEQ ID NO: 50 HCDR1 (AA) (IMGT) GFTFTQTY

SEQ ID NO: 51 HCDR1 (AA) (Kabat) QTYMS

SEQ ID NO: 33 HCDR2 (AA) (IMGT) ISPTYSTT

SEQ ID NO: 34 HCDR2 (AA) Kabat) NISPTYSTTNYADSVKG
SEQ ID NO: 52 HCDR3 (AA) (IMGT) ARYNAYQIGLDY

SEQ ID NO: 53 HCDR3 (AA) (Kabat) YNAYQIGLDY
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Amino acid and ¢DNA sequences of light chain of FS22-172-003-AA/
FS28-256-026 mAb’

Light chain AA

SEQ ID NO:

EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQALGYPHTFGQGTKVEIKRTVAAPSVFEI
FPPSDEQLKSGTASVVCLLNNFYPREAKVOQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Light chain DNA

SEQ ID NO:

GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAAGCTTTGGGTTATCCTCATACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAACGTACTGTAGCAGCTCCTTCCGTGTTCATCTTTCCGCCCAGTGAT
GAGCAGCTGAAGTCAGGTACTGCTTCCGTGGTTTGCCTGCTCAACAACTTTTACCCCAGAGAAG
CCAAAGTCCAGTGGAAAGTGGACAATGCGTTGCAAAGCGGGAACTCTCAGGAATCCGTCACAGA
GCAGGACTCTAAGGACTCCACCTATAGCCTCTCTAGTACGCTGACACTGAGCAAAGCCGATTAC
GAGAAGCACAAGGTGTATGCCTGTGAGGTTACCCATCAAGGCCTTAGCTCACCAGTGACCAAGA
GCTTCAATAGGGGAGAATGC

VL domain AA

SEQ ID NO:

EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQALGYPHTFGQGTKVEIK

VL domain DNA

SEQ ID NO:

GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAAGCTTTGGGTTATCCTCATACGTTCGGCCAAG
GGACCAAGGTGGAAATCAAA

SEQ ID NO: 20 LCDR1 (AA) (IMGT) QSVSSSY

SEQ ID NO: 21 LCDR1 (AA) (Kabat) RASQSVSSSYLA
SEQ ID NO: 22 LCDR2 (AA) (IMGT) GAS

SEQ ID NO: 23 LCDR2 (AA) (Kabat) GASSRAT

SEQ ID NO: 41 LCDR3 (AA) (IMGT) QQALGYPHT
SEQ ID NO: 41 LCDR3 (AA) (Kabat) QQALGYPHT

83

90

78

79

Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/
FS28-256-027 mAb’

Heavy chain AA (without LALA)
SEQ ID NO: 123

EVQLLESGGGLVQPGGSLRLSCAASGFTFTHTYMSWVRQAPGKGLEWV
SNISPTYSTTNYADSVKGRFTISRDNNKNTLYLOQMNSLRAEDTAVYYCARYNAYHAALDYWGQGTLV
TVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLY
SLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHYTQKSL
SLSPG

Heavy chain DNA (without LALA)
SEQ ID NO: 124

GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCATACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGT TAGCAATATTTCTCCGACTTATAGCACTACCAA
CTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAACAAGAACACGCTGTACC
TGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCGTA
TCATGCTGCTCTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGTGCTAGCACTAAG
GGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCCCTG
GGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCTGA
CCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCCGTG
GTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCCCTC
GAACACCAAGGTCGACAAGAAGGTCGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCCGCC

146



US 12,319,739 B2
147 148

-continued

Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/
FS28-256-027 mAb?

TTGCCCAGCCCCGGAACTGCTGGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAAGGAT
ACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGAGGAC

CCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAGCCAC
GGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAGACTG
GCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGAGARAA
ACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGG

GATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGT CAAAGGCT
TCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGA

CCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGGCG

CAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAACCA
CTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

Heavy chain AA (with LALA)
SEQ ID NO: 125

EVQLLESGGGLVQPGGSLRLSCAASGFTFTHTYMSWVRQAPGKGLEWV
SNISPTYSTTNYADSVKGRFTISRDNNKNTLYLOQMNSLRAEDTAVYYCARYNAYHAALDYWGQGTLV
TVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLY
SLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYEVVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHYTQKSL
SLSPG

Heavy chain DNA (with LALA)
SEQ ID NO: 126

GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCATACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGT TAGCAATATTTCTCCGACTTATAGCACTACCAA
CTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAACAAGAACACGCTGTACC
TGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCGTA
TCATGCTGCTCTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGTGCTAGCACTAAG
GGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCCCTG
GGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCTGA
CCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCCGTG
GTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCCCTC
GAACACCAAGGTCGACAAGAAGGTCGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCCGCC
TTGCCCAGCCCCGGAAGCTGCCGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAAGGA
TACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGAGGA
CCCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAGCCA
CGGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAGACT
GGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGAGA
AAACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCCCG
GGATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGC
TTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAG
ACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGGCG
CAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAACCA
CTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

VH domain AA
SEQ ID NO: 70
EVQLLESGGGLVQPGGSLRLSCAASGFTFTHTYMSWVRQAPGKGLEWV
SNISPTYSTTNYADSVKGRFTISRDNNKNTLYLOQMNSLRAEDTAVYYCARYNAYHAALDYWGQGTLV
TVSS

VH domain DNA
SEQ ID NO: 71

GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCATACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGT TAGCAATATTTCTCCGACTTATAGCACTACCAA
CTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAACAAGAACACGCTGTACC
TGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCGTA
TCATGCTGCTCTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGT

SEQ ID NO: 42 HCDR1 (AA) (IMGT) GFTFTHTY

SEQ ID NO: 43 HCDR1 (AA) (Kabat) HTYMS

SEQ ID NO: 33 HCDR2 (AA) (IMGT) ISPTYSTT

SEQ ID NO: 34 HCDR2 (AA) Kabat) NISPTYSTTNYADSVKG
SEQ ID NO: 44 HCDR3 (AA) (IMGT) ARYNAYHAALDY

SEQ ID NO: 45 HCDR3 (AA) (Kabat) YNAYHAALDY
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Amino acid and cDNA sequences of light chain of FS22-172-003-AA/
FS28-256-027 mAb’

Light chain AA
SEQ ID NO: 84
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQTVPYPYTFGQGTKVEIKRTVAAPSVFIF
PPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Light chain DNA
SEQ ID NO: 91

GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAAACTGTGCCGTATCCGTATACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGTACTGTGGCCGCTCCTAGCGTGTTCATTTTTCCGCCATCCG
ACGAGCAGCTCAAGTCCGGCACCGCCTCCGTGGTCTGCCTGCTCAACAACTTCTACCCTCGCGA
AGCTAAGGTCCAGTGGAAGGTCGACAATGCCCTGCAGT CCGGAAACTCGCAGGAAAGCGTGAC
TGAACAGGACTCCAAGGACTCCACCTATTCACTGTCCTCGACTCTGACCCTGAGCAAGGCGGAT
TACGAAAAGCACAAAGTGTACGCATGCGAAGTGACCCACCAGGGTCTTTCGTCCCCCGTGACCA
AGAGCTTCAACAGAGGAGAGTGT

VL domain AA
SEQ ID NO: 76
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQTVPYPYTFGQGTKVEIK

VL domain DNA
SEQ ID NO: 77

GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAAACTGTGCCGTATCCGTATACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAA

SEQ ID NO: 20 LCDR1 (AA) (IMGT) QSVSSSY

SEQ ID NO: 21 LCDR1 (AA) (Kabat) RASQSVSSSYLA
SEQ ID NO: 22 LCDR2 (AA) (IMGT) GAS

SEQ ID NO: 23 LCDR2 (AA) (Kabat) GASSRAT

SEQ ID NO: 80 LCDR3 (AA) (IMGT) QQTVPYPYT
SEQ ID NO: 80 LCDR3 (AA) (Kabat) QQTVPYPYT

Mouse mAb and mAb?

Amino acid sequence of heavy chain of FS28m-228 mAb

Heavy chain AA (with LALA)

SEQ ID NO:

EVQLLESGGGLVQPGGSLRLSCAASGFTFSTYFMVWVRQAPGKGLEWV
SMISPKSSNTYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARWFTPARFDYWGQGTLVT
VSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY S
LSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKPK
DTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYEVVSVLTVLHQDWL
NGKEYKCKVSNKALPAPIEKTISKAKQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFEFSCSVMHEALHNHY TQKSLSLSPG

Amino acid sequence of light chain of FS28m-228 mAb
Light chain AA

SEQ ID NO:

EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQPFPFSFTFGQGTKVEIKRTVAAPSVEIF
PPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Amino acid sequence of heavy chain of FS22m-063-AA/FS28m-228 mAb2
Heavy chain AA (with LALA)

SEQ ID NO:

EVQLLESGGGLVQPGGSLRLSCAASGFTFSTYFMVWVRQAPGKGLEWV
SMISPKSSNTYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARWFTPARFDYWGQGTLVT
VSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY S

135
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-continued

Amino acid sequence of heavy chain of FS28m-228 mAb

LSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKPK
DTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYEVVSVLTVLHQDWL
NGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDEPYWSYVSLTCLVKGFYPSDIAVEWE
SNGQPENNYKTTPPVLDSDGSFFLYSKLTVMNYRWELGNVFSCSVMHEALHNHYTQKSLSLSPG

Amino acid sequence of light chain of FS22m-063-AA/FS28m-228 mAb2
Light chain AA

SEQ ID NO:

EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIYGASSRATGIPDR
FSGSGSGTDFTLTISRLEPEDFAVYYCQQPFPFSFTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTA
SVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEV
THQGLSSPVTKSFNRGEC

Amino acid sequence of heavy chain of G1AA/HelD1.3 mAb
Heavy chain AA (with LALA)

SEQ ID NO:

QVQLQESGPGLVRPSQTLSLTCTVSGSTFSGYGVNWVRQPPGRGLEWT
GMIWGDGNTDYNSALKSRVTMLVDTSKNQFSLRLSSVIAADTAVYYCARERDYRLDYWGQGSLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSL
SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHT CPPCPAPEAAGGPSVFLFPPKPKD
TLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNS TYRVVSVLTVLHQDWLN
GKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFEFSCSVMHEALHNHY TQKSLSLSPG

Amino acid sequence of light chain of G1AA/HelD1.3 mAb
Light chain AA

SEQ ID NO:

DIQMTQSPASLSASVGETVTITCRASGNIHNYLAWYQQKQGKSPQLLVY
NAKTLADGVPSRFSGSGSGTQYSLKINSLQPEDFGSYYCQHFWSTPRTFGGGTKLEIKRTVAAPSVFI
FPPSDEQLKSGTASVVCLLNNFYPREAKVOQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

G1AA/SS1 mAb
Heavy chain (with LALA)

SEQ ID NO:

QVOLOQSGPELEKPGASVKISCKASGYSFTGYTMNWVKQSHGKSLEWT
GLITPYNGASSYNQKFRGKATLTVDKSSSTAYMDLLSLTSEDSAVYFCARGGYDGRGFDYWGSGTP
VTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPK
PKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVE
WESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVEFSCSVMHEALHNHY TQKSLSLSP
G

Light chain

SEQ ID NO:

DIELTQSPAIMSASPGEKVTMTCSASSSVSYMHWYQQKSGTSPKRWIYD
TSKLASGVPGRFSGSGSGNSYSLTISSVEAEDDATYYCQOWSKHPLTFGSGTKVEIKRTVAAPSVFEIF
PPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

MSLN-His-Avi
Mesothelin (without MPF and C terminus) (shown); His and Avi tags (not shown)
Human

SEQ ID NO:

EVEKTACPSGKKAREIDESLIFYKKWELEACVDAALLATQMDRVNAIPFTY
EQLDVLKHKLDELYPQGYPESVIQHLGYLFLKMSPEDIRKWNVTSLETLKALLEVNKGHEMSPQVATL
IDRFVKGRGQLDKDTLDTLTAFYPGYLCSLSPEELSSVPPSSIWAVRPQDLDTCDPRQLDVLYPKARL
AFQNMNGSEYFVKIQSFLGGAPTEDLKALSQQONVSMDLATFMKLRTDAVLPLTVAEVQKLLGPHVEG
LKAEERHRPVRDWILRQRODDLD TLGLGLQGGIPNGYLVLDLSMQEALS

Cyno

SEQ ID NO:

DVERTTCPPEKEVHEIDESLIFYKKRELEACVDAALLAAQMDRVDAIPFTY
EQLDVLKHKLDELYPQGYPESVIRHLGHLFLKMSPEDIRKWNVTSLETLKALLKVSKGHEMSAQVATLI
DRVVVGRGQLDKDTADTLTAFCPGCLCSLSPERLSSVPPSIIGAVRPQDLDTCGPRQLDVLYPKARLA
FONMSGSEYFVKIRPFLGGAPTEDLKALSQONVSMDLATFMKLRREAVLPLSVAEVQKLLGPHVEGL
KVEEQHSPVRDWILKQRQDDLDTLGLGLQGGIPNGYLILDLSVREALS

Mouse

SEQ ID NO:

DAEQKACPPGKEPYKVDEDLIFYQNWELEACVDGTMLARQMDLVNEIPF
TYEQLSIFKHKLDKTYPQGYPESLIQQLGHFFRYVSPEDIHQWNVTSPDTVKTLLKVSKGQKMNAQAT
ALVACYLRGGGQLDEDMVKALGDIPLSYLCDFSPQDLHSVPSSVMWLVGPQDLDKCSQRHLGLLYQ
KACSAFQONVSGLEYFEKIKTFLGGASVKDLRALSQHNVSMDIATFKRLQVDSLVGLSVAEVQKLLGPN
IVDLKTEEDKSPVRDWLFRQHQKDLDRLGLGLQGGIPNGYLVLDFNVREAFS
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Amino acid sequence of heavy chain of FS28m-228 mAb

CD137-mFc-Avi and CD137-Avi-His
(Extracellular domain CD137 (shown); mFc, Avi tag, His tag (not shown)
Human
SEQ
SLODPCSNCPAGTFCDNNRNQICSPCPPNSFSSAGGORTCDICRQCKG
VFRTRKECSSTSNAECDCTPGFHCLGAGCSMCEQDCKQGQELTKKGCKDCCFGTFNDQKRGI CRP
WTNCSLDGKSVLVNGTKERDVVCGPSPADLSPGASSVTPPAPAREPGHSPQ

Cyno
SEQ
SLODLCSNCPAGTFCDNNRSQICSPCPPNSFSSAGGQRTCDICRQCKG
VFKTRKECSSTSNAECDCISGYHCLGAECSMCEQDCKQGQELTKKGCKDCCFGTFNDQKRGICRP
WTNCSLDGKSVLVNGTKERDVVCGPSPADLSPGASSATPPAPAREPGHSPQ

Mouse
SEQ
AVQONSCDNCQPGTFCRKYNPVCKSCPPSTFSSIGGQPNCNICRVCAGY
FRFKKFCSSTHNAECECIEGFHCLGPQCTRCEKDCRPGQELTKQGCKTCSLGTFNDONGTGVCRP
WINCSLDGRSVLKTGTTEKDVVCGPPVVSFSPSTTISVTPEGGPGGHSLOVL

Cell-expressed antigens (CD137)
(Extracellular domain (italics); Transmembrane and intracellular domains (bold))
Human
SEQ

LODPCSNCPAGTFCDNNRNQICSPCPPNSFSSAGGQRTCDICRQCKGV
FRTRKECSSTSNAECDCTPGFHCLGAGCSMCEQDCKQGQOELTKKGCKDCCFGTFNDQKRGICRPW
TNCSLDGKSVLVNGTKERDVVCGPSPADLS PGASSVTPPAPAREPGHSPQOIISFFLALTSTALLFLLF
FLTLRFSVVKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL

Mouse
SEQ
VONSCDNCQPGTFCRKYNPVCKSCPPSTFSSIGGQPNCNICRVCAGYF
RFKKFCSSTHNAECECIEGFHCLGPQCTRCEKDCRPGQELTKQGCKTCSLGTFNDONGTGVCRPW
TNCSLDGRSVLKTGTTEKDVVCGPPVVSFSPSTTISVIPEGGPGGHSLOQVLTLFLALTSALLLALIFIT
LLFSVLKWIRKKFPHIFKQPFKKTTGAAQEEDACSCRCPQEEEGGGGGYEL

Cyno
SEQ
LODLCSNCPAGTFCDNNRSQICSPCPPNSFSSAGGQRTCDICRQCKGV
FKTRKECSSTSNAECDCISGYHCLGAECSMCEQDCKQGQELTKKGCKDCCFGTFNDQKRGICRPW
TNCSLDGKSVLVNGTKERDVVCGPSPADLSPGASSATPPAPAREPGHSPQIIFFLALTSTVVLFLLFF
LVLRFSVVKRSRRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL

iD

iD

iD

iD

iD

iD

NO:

NO:

NO:

NO:

NO:

NO:
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153

Overexpressing cell lines - Membrane-bound mature form of Mesothelin (shown in bold ital-

ics)

[N.B. MPF and propeptide are shown in normal font before and after mesothelin sequence.

Neither are present in the membrane-bound mature form of mesothelin.]
Human MPF + MSLN

SEQ ID NO:

MALPTARPLLGSCGTPALGSLLFLLFSLGWVQPSRTLAGETGQEAAPLDGVLANPPNISSLSPRQLLG
FPCAEVSGLSTERVRELAVALAQKNVKLSTEQLRCLAHRLSEPPEDLDALPLDLLLFLNPDAFSGPQA
CTRFFSRITKANVDLLPRGAPERQRLLPAALACWGVRGSLLSEADVRALGGLACDLPGRFVAESAEV
LLPRLVSCPGPLDODQQEAARAALQGGGPPYGPPSTWSVS TMDALRGLLPVLGQPIIRSIPQGIVAA
WRORSSRDPSWRQPERTILRPRFRREVEKTACPSGKKAREIDESLIFYKKWELEACVDAALLATQOM
DRVNAIPFTYEQLDVLKHKLDELYPQGYPESVIQHLGYLFLKMSPEDIRKWNVTSLETLKALLEVNK
GHEMSPQVATLIDRFVKGRGQLDKDTLDTLTAFYPGYLCSLSPEELSSVPPSSIWAVRPQDLDTCD
PRQLDVLYPKARLAFQNMNGSEYFVKIQSFLGGAPTEDLKALSQQNVSMDLATFMKLRTDAVLPLT
VAEVQKLLGPHVEGLKAEERHRPVRDWILRQRQDDLDTLGLGLQGGIPNGYLVLDLSMQEALSGT
PCLLGPGPVLTVLALLLASTLA

Mouse MPF + MSLN

SEQ ID NO:

MALPTARPLLGSCGSPICSRSFLLLLLSLGWIPRLOTQTTKTSQEATLLHAVNGAADFASLPTGLFLGL
TCEEVSDLSMEQAKGLAMAVRQKNI TLRGHQLRCLARRLPRHLTDEELNALPLDLLLFLNPAMFPGQ
QACAHFFSLISKANVDVLPRRSLERQRLLMEALKCQGVYGFQVSEADVRALGGLACDLPGKFVARSS
EVLLPWLAGCQGPLDQSQEKAVREVLRSGRTQYGPPSKWSVSTLDALQSLVAVLDESIVQSIPKDVK
AEWLQHISRDPSRLGSKLTVIHPRFRRDAEQKACPPGKEPYKVDEDLIFYQNWELEACVDGTMLAR
QMDLVNEIPFTYEQLSIFKHKLDKTYPQGYPESLIQQLGHFFRYVSPEDIHQWNVTSPDTVKTLLKVS
KGQKMNAQATALVACYLRGGGQLDEDMVKALGDIPLSYLCDFSPQDLHSVPSSVMWLVGPQDLD
KCSQRHLGLLYQKACSAFQNVSGLEYFEKIKTFLGGASVKDLRALSQHNVSMDIATFKRLQVDSLV
GLSVAEVQKLLGPNIVDLKTEEDKSPVRDWLFRQHQKDLDRLGLGLQGGIPNGYLVLDFNVREAFS
SRASLLGPGFVLIWIPALLPALRLS

Cyno MPF + MSLN

SEQ ID NO:

MALPMARPLSGSCGTPALGSLLFLLFSLGWVQPSRVLAGETRQEAAPLDGILTNAPDIASLSPRQLLG
FTCVEVSGLSTELVQELAVALGQKNVKLSAEQLRCLAHRLSEPPEDLDALPLDLLLFLNPDAFSGPQA
CTHFFSRVAKANVDLLPRGAPERQRLLPAALTCWGVRGSLLSEADVRALGGLACDLPGRFVAESAE
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Amino acid sequence of heavy chain of FS28m-228 mAb

VVLPRLVRCLGPLDQDQQEAARAALQRGGPPYGPPSTWSISTLDDLQSLLPVLGQPVIHSIPQGILAA
WRORSSRDPSWQQPEQTVLRPRFRRDVERTTCPPEKEVHEIDESLIFYKKRELEACVDAALLAAQ
MDRVDAIPFTYEQLDVLKHKLDELYPQGYPESVIRHLGHLFLKMSPEDIRKWNVITSLETLKALLKVS
KGHEMSAQVATLIDRVVVGRGQLDKDTADTLTAFCPGCLCSLSPERLSSVPPSIIGAVRPQDLDTC
GPRQLDVLYPKARLAFQNMSGSEYFVKIRPFLGGAPTEDLKALSQQONVSMDLATFMKLRREAVLP
LSVAEVQRKLLGPHVEGLKVEEQHSPVRDWILKQRQDDLDTLGLGLQGGIPNGYLILDLSVREALSG
TPCLLGPGPVLTVLALLLASTLA

Amino acid sequence of wild-type CH2 domain
CH2 (WT)
SEQ ID NO:
APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPR
EEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK

Amino acid sequence of CH2 domain containing LALA mutation (LALA mutation in bold and
underlined)
CH2 (LALA)
SEQ ID NO:
APEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKP
REEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK

154

155

Amino acid sequence of CH2 domain containing LALA-PA mutation (LALA-PA mutation in bold and

underlined)
CH2 (LALA-PA)
SEQ ID NO:
APEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKP
REEQYNST?EVVSVLTVLHQDWLNGKEYKCKVSNKALAAPIEKTISKAK

156

Amino acid and ¢DNA sequences of light chain of FS22-172-003-AA/FS28-256-271, FS22-172-003-

AA/FS28-256-272, and FS22-172-003-AA/FS28-256-273 mAb2

Light chain AA

SEQ ID NO:

EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQTVPYPYTFGQGTKVEIKRTVAAPSVFIF
PPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA
DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Light chain DNA

SEQ ID NO:

GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAAACTGTGCCGTATCCGTATACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAACGTACTGTGGCCGCTCCTAGCGTGTTCATTTTTCCGCCATCCG
ACGAGCAGCTCAAGTCCGGCACCGCCTCCGTGGTCTGCCTGCTCAACAACTTCTACCCTCGCGA
AGCTAAGGTCCAGTGGAAGGTCGACAATGCCCTGCAGT CCGGAAACTCGCAGGAAAGCGTGAC
TGAACAGGACTCCAAGGACTCCACCTATTCACTGTCCTCGACTCTGACCCTGAGCAAGGOGGAT
TACGAAAAGCACAAAGTGTACGCATGCGAAGTGACCCACCAGGGTCTTTCGTCCCCCGTGACCA
AGAGCTTCAACAGAGGAGAGTGT

VL domain AA

SEQ ID NO:

EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQTVPYPYTFGQGTKVEIK

VL domain DNA

SEQ ID NO:

GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAAACTGTGCCGTATCCGTATACGTTCGGCCAA
GGGACCAAGGTGGAAATCAAA

SEQ ID NO: 20 LCDR1 (AA) (IMGT) QSVSSSY

SEQ ID NO: 21 LCDR1 (AA) (Kabat) RASQSVSSSYLA
SEQ ID NO: 22 LCDR2 (AA) (IMGT) GAS

SEQ ID NO: 23 LCDR2 (AA) (Kabat) GASSRAT

SEQ ID NO: 80 LCDR3 (AA) (IMGT) QQTVPYPYT
SEQ ID NO: 80 LCDR3 (AA) (Kabat) QQTVPYPYT
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Amino acid sequence of heavy chain of FS28m-228 mAb

Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/FS28-256-271 mAb’
Heavy chain AA (without LALA)
SEQ ID NO:

EVQLLESGGGLVQPGGSLRLSCAASGFTFTHTYMSWVRQAPGKGLEWV
SAISPTYSTTNYADSVKGRFTISRDNNKNTLYLOQMNSLRAEDTAVYYCARYNAYHAALDYWGQGTLV
TVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY
SLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFEFSCSVMHEALHNHYTQKSL
SLSPG

Heavy chain DNA (without LALA)
SEQ ID NO:

GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCATACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGTCTGGAATGGGTTAGCGCGATTTCTCCGACTTATAGCACTACCA
ACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAACAAGAACACGCTGTAC
CTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCGT
ATCATGCTGCTCTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGTGCTAGCACTAA
GGGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCCCT
GGGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCT
GACCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCC
GTGGTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCC
CTCGAACACCAAGGTCGACAAGAAGGT CGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCC
GCCTTGCCCAGCCCCGGAACTGCTGGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAA
GGATACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGA
GGACCCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAG
CCACGGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAG
ACTGGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGA
GAAAACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCC
CGGGATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAG
GCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACA
AGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGG
CGCAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAA
CCACTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

Heavy chain AA (with LALA)
SEQ ID NO:

EVQLLESGGGLVQPGGSLRLSCAASGFTFTHTYMSWVRQAPGKGLEWV
SAISPTYSTTNYADSVKGRFTISRDNNKNTLYLQMNSLRAEDTAVYYCXE;EAYHAALDYWGQGTLV
TVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLY
SLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYEVVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHYTQKSL
SLSPG

Heavy chain DNA (with LALA)
SEQ ID NO:

GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCATACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGTCTGGAATGGGTTAGCGCGATTTCTCCGACTTATAGCACTACCA
ACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAACAAGAACACGCTGTAC
CTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCGT
ATCATGCTGCTCTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGTGCTAGCACTAA
GGGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCCCT
GGGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCT
GACCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCC
GTGGTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCC
CTCGAACACCAAGGTCGACAAGAAGGT CGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCC
GCCTTGCCCAGCCCCGGAAGCTGCCGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAA
GGATACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGA
GGACCCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAG
CCACGGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAG
ACTGGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGA
GAAAACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCC
CGGGATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAG
GCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACA
AGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGG
CGCAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAA
CCACTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT
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Amino acid sequence of heavy chain of FS28m-228 mAb

VH domain AA
SEQ ID NO: 177
EVQLLESGGGLVQPGGSLRLSCAASGFTFTHTYMSWVRQAPGKGLEWV
SAISPTYSTTNYADSVKGRFTISRDNNKNTLYLOMNSLRAEDTAVYYCARYNAYHAALDYWGQGTLV
TVSS

VH domain DNA
SEQ ID NO: 178

GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCATACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGTCTGGAATGGGTTAGCGCGATTTCTCCGACTTATAGCACTACCA
ACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAACAAGAACACGCTGTAC
CTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCGT
ATCATGCTGCTCTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGT

SEQ ID NO: 42 HCDR1 (AA) (IMGT) GFTFTHTY

SEQ ID NO: 43 HCDR1 (AA) (Kabat) HTYMS

SEQ ID NO: 33 HCDR2 (AA) (IMGT) ISPTYSTT

SEQ ID NO: 5 HCDR2 (AA) Kabat) AISPTYSTTNYADSVKG
SEQ ID NO: 44 HCDR3 (AA) (IMGT) ARYNAYHAALDY

SEQ ID NO: 45 HCDR3 (AA) (Kabat) YNAYHAALDY

Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/FS28-256-272 mAb’
Heavy chain AA (without LALA)
SEQ ID NO: 6

EVQLLESGGGLVQPGGSLRLSCAASGFTFTHTYMSWVRQAPGKGLEWV
SHISPTYSTTNYADSVKGRFTISRDNNKNTLYLQMNSLRAEDTAVYYCARYNAYHAALDYWGQGTLV
TVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY
SLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOQPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFEFSCSVMHEALHNHYTQKSL
SLSPG

Heavy chain DNA (without LALA)
SEQ ID NO: 7

GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCATACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGTCTGGAATGGGTTAGCCATATTTCTCCGACTTATAGCACTACCA
ACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAACAAGAACACGCTGTAC
CTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCGT
ATCATGCTGCTCTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGTGCTAGCACTAA
GGGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCCCT
GGGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCT
GACCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCC
GTGGTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCC
CTCGAACACCAAGGTCGACAAGAAGGT CGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCC
GCCTTGCCCAGCCCCGGAACTGCTGGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAA
GGATACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGA
GGACCCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAG
CCACGGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAG
ACTGGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGA
GAAAACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCC
CGGGATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAG
GCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACA
AGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGG
CGCAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAA
CCACTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

Heavy chain AA (with LALA)
SEQ ID NO: 158

EVQLLESGGGLVQPGGSLRLSCAASGFTFTHTYMSWVRQAPGKGLEWV
SHISPTYSTTNYADSVKGRFTISRDNNKNTLYLOMNSLRAEDTAVYYCARYNAYHAALDYWGQGTLV
TVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLY
SLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYEVVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHYTQKSL
SLSPG
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162

Amino acid sequence of heavy chain of FS28m-228 mAb

Heavy chain DNA (with LALA)

GAAGTGCAACTGCTGGAGT CCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCATACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGTTAGCCATATTTCTCCGACTTATAGCACTACCA
ACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAACAAGAACACGCTGTAC
CTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCGT
ATCATGCTGCTCTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGTGCTAGCACTAA
GGGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCCCT
GGGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCT
GACCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCC
GTGGTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCC
CTCGAACACCAAGGTCGACAAGAAGGTCGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCC
GCCTTGCCCAGCCCCGGAAGCTGCCGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAA
GGATACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGA
GGACCCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAG
CCACGGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAG
ACTGGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGA
GAAAACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCC
CGGGATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAG
GCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACA
AGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGG
CGCAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAA
CCACTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

VH domain AA

EVQLLESGGGLVQPGGSLRLSCAASGFTFTHTYMSWVRQAPGKGLEWV
SNISPTYSTTNYADSVKGRFTISRDNNKNTLYLQMNSLRAEDTAVYYCARYNAYHAALDYWGQGTLV

TVSS

VH domain DNA

GAAGTGCAACTGCTGGAGT CCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCATACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGTTAGCAATATTTCTCCGACTTATAGCACTACCAA
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGTTAGCAATATTTCTCCGACTTATAGCACTACCAA
CTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAACAAGAACACGCTGTACC
TGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCGTA
TCATGCTGCTCTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGT

SEQ ID NO: 42 HCDR1 (AA) (IMGT) GFTFTHTY

SEQ ID NO: 43 HCDR1 (AA) (Kabat) HTYMS

SEQ ID NO: 33 HCDR2 (AA) (IMGT) ISPTYSTT

SEQ ID NO: 160 HCDR2 (AA) Kabat) HISPTYSTTNYADSVKG
SEQ ID NO: 44 HCDR3 (AA) (IMGT) ARYNAYHAALDY

SEQ ID NO: 45 HCDR3 (AA) (Kabat) YNAYHAALDY

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

Amino acid and cDNA sequences of heavy chain of FS22-172-003-AA/FS28-256-273 mAb?

Heavy chain AA (without LALA)

EVQLLESGGGLVQPGGSLRLSCAASGFTFTHTYMSWVRQAPGKGLEWV
SSISPTYSTTNYADSVKGRFTISRDNNKNTLYLOQMNSLRAEDTAVYYCARYNAYHAALDYWGQGTLV
TVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLY

SLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKP

KDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQD

WLNGKEYKCKVSNKALPAPIEKTISKAKGOQPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFEFSCSVMHEALHNHYTQKSL

SLSPG
Heavy chain DNA (without LALA)

GAAGTGCAACTGCTGGAGT CCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCATACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGTTAGCTCGATTTCTCCGACTTATAGCACTACCA
ACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAACAAGAACACGCTGTAC
CTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCGT
ATCATGCTGCTCTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGTGCTAGCACTAA
GGGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCCCT
GGGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCT
GACCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCC

SEQ ID NO:

SEQ ID NO:

159

70

71

161

162
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Amino acid sequence of heavy chain of FS28m-228 mAb

GTGGTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCC
CTCGAACACCAAGGTCGACAAGAAGGTCGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCC
GCCTTGCCCAGCCCCGGAACTGCTGGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAA
GGATACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGA
GGACCCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAG
CCACGGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAG
ACTGGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGA
GAAAACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCC
CGGGATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAG
GCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACA
AGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGG
CGCAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAA
CCACTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

Heavy chain AA (with LALA)
SEQ ID NO: 163

EVQLLESGGGLVQPGGSLRLSCAASGFTFTHTYMSWVRQAPGKGLEWV
SSISPTYSTTNYADSVKGRFTISRDNNKNTLYLOMNSLRAEDTAVYYCARYNAYHAALDYWGQGTLV
TVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLY
SLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKP
KDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQD
WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPS
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHYTQKSL
SLSPG

Heavy chain DNA (with LALA)
SEQ ID NO: 164

GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCATACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGTCTGGAATGGGTTAGCTCGATTTCTCCGACTTATAGCACTACCA
ACTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAACAAGAACACGCTGTAC
CTGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCGT
ATCATGCTGCTCTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGTGCTAGCACTAA
GGGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCCCT
GGGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCCT
GACCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCC
GTGGTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCC
CTCGAACACCAAGGTCGACAAGAAGGT CGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCC
GCCTTGCCCAGCCCCGGAAGCTGCCGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAA
GGATACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGA
GGACCCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAG
CCACGGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAG
ACTGGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGA
GAAAACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCC
CGGGATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAG
GCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACA
AGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGG
CGCAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAA
CCACTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

VH domain AA
SEQ ID NO: 70
EVQLLESGGGLVQPGGSLRLSCAASGFTFTHTYMSWVRQAPGKGLEWV
SNISPTYSTTNYADSVKGRFTISRDNNKNTLYLOQMNSLRAEDTAVYYCARYNAYHAALDYWGQGTLV
TVSS

VH domain DNA
SEQ ID NO: 71

GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTG
GTTCTCTGCGTCTGAGTTGCGCGGCCAGTGGCTTTACCTTCACTCATACTTATATGAGCTGGGTG
CGTCAGGCTCCGGGCAAAGGT CTGGAATGGGT TAGCAATATTTCTCCGACTTATAGCACTACCAA
CTATGCGGATAGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAACAAGAACACGCTGTACC
TGCAGATGAACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGATACAACGCGTA
TCATGCTGCTCTGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGT

SEQ ID NO: 42 HCDR1 (AA) (IMGT) GFTFTHTY

SEQ ID NO: 43 HCDR1 (AA) (Kabat) HTYMS

SEQ ID NO: 33 HCDR2 (AA) (IMGT) ISPTYSTT

SEQ ID NO: 165 HCDR2 (AA) Kabat) SISPTYSTTNYADSVKG
SEQ ID NO: 44 HCDR3 (AA) (IMGT) ARYNAYHAALDY

SEQ ID NO: 45 HCDR3 (AA) (Kabat) YNAYHAALDY
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Amino acid sequence of heavy chain of FS28m-228 mAb

Amino acid sequence of heavy chain of FS22m-063-AA/FS28m-228-010 mAb2

Heavy chain AA (with LALA)

EVQLLESGGGLVQPGGSLRLSCAASGFTFSTYFMVWVRQAPGKGLEWV
SMISPKSSNTYYADSVKGRFTISRDNSKNTLYLOQMNSLRAEDTAVYYCARYHISPRFDYWGQGTLVT
VSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYS
LSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKPK
DTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWL
NGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDEPYWSYVSLTCLVKGFYPSDIAVEWE

SNGQPENNYKTTPPVLDSDGSFFLYSKLTVMNYRWELGNVFSCSVMHEALHNHYTQKSLSLSPG

Amino acid sequence of light chain of FS22m-063-AA/FS28m-228-010 mAb2

Light chain AA

EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIY
GASSRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYCQQOPFPFSFTFGQGTKVEIKRTVAAPSVFIF
PPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA

DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Amino acid sequence of heavy and light chains of FS22m-063-AA/HelD1.3 mAb2

Heavy chain AA (with LALA)

QVQOLQESGPGLVRPSQTLSLTCTVSGSTFSGYGVNWVRQPPGRGLEWI

GMIWGDGNTDYNSALKSRVTMLVDTSKNQFSLRLSSVTAADTAVYYCARERDYRLDYWGQGSLVTV
SSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSL
SSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHT CPPCPAPEAAGGPSVFLFPPKPKD
TLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNS TYRVVSVLTVLHQDWLN
GKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDEPYWSYVSLTCLVKGFYPSDIAVEWES

NGOQPENNYKTTPPVLDSDGSFFLYSKLTVMNYRWELGNVFSCSVMHEALHNHY TQKSLSLSPG

Light chain AA

DIQMTQSPASLSASVGETVTITCRASGNIHNYLAWYQQKQGKSPQLLVY
NAKTLADGVPSRFSGSGSGTQYSLKINSLQPEDFGSYYCQHFWSTPRTFGGGTKLEIKRTVAAPSVFEI
FPPSDEQLKSGTASVVCLLNNFYPREAKVOQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKA

DYEKHKVYACEVTHQGLSSPVTKSFNRGEC

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

166

136

167

168

Amino acid and ¢DNA sequences of the heavy and light chains of FS22-172-003-AA/FS28-185-002

mAb?
Heavy chain AA (with LALA)

EVQLLESGGGLVQPGGSLRLSCAASGFTFTTSAMSWVRQAPGKGLEWVSRINPYEGETNY
ADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCARGWSSDTWFKSATDYWGQGTLVIVSSAS

TKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVV

TVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMI

SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYEVVSVLTVLHQDWLNGKE

YKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPSDIAVEWE

SNGQPENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHYTQKSLSLSPG
Heavy chain DNA (with LALA)

GAAGTGCAACTGCTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTGGTTCTCTGCGTC
TGAGTTGCGCGGCCAGTGGCTTTACCTTCACTACATCTGCTATGAGCTGGGTGCGTCAGGCTCC
GGGCAAAGGTCTGGAATGGGT TAGCAGGATTAATCCGTATGAGGGCGAGACCAACTATGOGGAT
AGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTACCTGCAGATGA
ACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGAGGTTGGTCTAGTGATACGTG
GTTTAAATCTGCCACGGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGTGCTAGCACT
AAGGGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCC
CTGGGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCC
TGACCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCC
GTGGTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCC
CTCGAACACCAAGGTCGACAAGAAGGTCGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCC
GCCTTGCCCAGCCCCGGAAGCTGCCGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAA
GGATACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGA
GGACCCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAG
CCACGGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAG
ACTGGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGA
GAAAACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCC
CGGGATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAG
GCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACA
AGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGG
CGCAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAA
CCACTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

SEQ ID NO:

SEQ ID NO:

169

170
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-continued

Amino acid sequence of heavy chain of FS28m-228 mAb

Light chain AA

SEQ ID NO:
EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIYGASSRATGIPDRFSGSG
SGTDFTLTISRLEPEDFAVYYCQQSSYSAPVIFGOGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVV
CLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQ
GLSSPVTKSFNRGEC
Light chain DNA

SEQ ID NO:

GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGG
TGAGCGCGCCACTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTAT
CAGCAAAAACCGGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGC
ATTCCAGATCGTTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGA
ACCGGAGGATTTTGCGGTGTATTACTGCCAGCAATCTTCTTATTCTGCTCCTGTCACGTTCGGCC
AAGGGACCAAGGTGGAAATCAAACGTACTGTGGCCGCTCCTAGCGTGTTCATTTTTCCGCCATC
CGACGAGCAGCTCAAGTCCGGCACCGCCTCCGTGGTCTGCCTGCTCAACAACTTCTACCCTCGC
GAAGCTAAGGTCCAGTGGAAGGTCGACAATGCCCTGCAGT CCGGARACT CGCAGGAAAGCGTG
ACTGAACAGGACTCCAAGGACTCCACCTATTCACTGTCCTCGACTCTGACCCTGAGCAAGGCGG
ATTACGAAAAGCACAAAGTGTACGCATGCGAAGTGACCCACCAGGGTCTTTCGTCCCCCGTGAC
CAAGAGCTTCAACAGAGGAGAGTGT

171

172

Amino acid and cDNA sequences of the heavy and chains of FS22-172-003-AA/FS28-185-003 mAb’

Heavy chain AA (with LALA)

SEQ ID NO:

EVQLLESGGGLVQPGGSLRLSCAASGFTFTTSAMSWVRQAPGKGLEWVSRINPYEGETNYADSVK
GRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARGWSATSYFKSATDYWGQGTLVITVSSASTKGPSV
EPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSS
LGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEV
TCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYEVVSVLTVLHQDWLNGKEYKCKVS
NRALPAPIEKTISKAKGQPREPQVYTLPPSRDELPYIIPPYNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLYSKLTVGADRWLEGNVFSCSVMHEALHNHY TQKSLSLSPG

Heavy chain DNA (with LALA)

SEQ ID NO:

GAAGTGCAACTGTTGGAGTCCGGTGGTGGTCTGGTACAGCCGGGTGGTTCTCTGCGTC
TGAGTTGCGCGGCCAGTGGCTTTACCTTCACTACATCTGCTATGAGCTGGGTGCGTCAGGCTCC
GGGCAAAGGTCTGGAATGGGT TAGCAGGATTAATCCGTATGAGGGCGAGACCAACTATGCGGAT
AGCGTGAAAGGCCGTTTTACCATTTCTCGCGACAACAGCAAGAACACGCTGTACCTGCAGATGA
ACTCACTGCGTGCCGAAGATACGGCCGTGTATTACTGTGCGAGAGGTTGGTCTGCGACGAGTTA
TTTTAAATCTGCCACTGACTACTGGGGCCAGGGAACCCTGGTCACCGTCTCGAGTGCTAGCACT
AAGGGCCCGTCGGTGTTCCCGCTGGCCCCATCGTCCAAGAGCACATCAGGGGGTACCGCCGCC
CTGGGCTGCCTTGTGAAGGATTACTTTCCCGAGCCCGTCACAGTGTCCTGGAACAGCGGAGCCC
TGACCTCCGGAGTGCATACTTTCCCGGCTGTGCTTCAGTCCTCTGGCCTGTACTCATTGTCCTCC
GTGGTCACCGTCCCTTCGTCCTCCCTGGGCACCCAGACCTATATCTGTAATGTCAACCATAAGCC
CTCGAACACCAAGGTCGACAAGAAGGTCGAGCCGAAGTCGTGCGACAAGACTCACACTTGCCC
GCCTTGCCCAGCCCCGGAAGCTGCCGGTGGTCCTTCGGTGTTCCTCTTCCCGCCCAAGCCGAA
GGATACCCTGATGATCTCACGGACCCCCGAAGTGACCTGTGTGGTGGTGGACGTGTCCCACGA
GGACCCGGAAGTGAAATTCAATTGGTACGTGGATGGAGTGGAAGTGCACAACGCCAAGACCAAG
CCACGGGAAGAACAGTACAACTCTACCTACCGCGTGGTGTCCGTGCTCACTGTGCTGCACCAAG
ACTGGCTGAACGGGAAGGAGTACAAGTGCAAAGTGTCCAACAAGGCGCTGCCTGCCCCAATTGA
GAAAACTATCTCGAAAGCCAAGGGACAGCCTCGAGAACCACAGGTGTACACCCTGCCCCCATCC
CGGGATGAGCTGCCATACATCATCCCACCATACAACCAGGTCAGCCTGACCTGCCTGGTCAAAG
GCTTCTATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACA
AGACCACGCCTCCCGTGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGG
CGCAGATAGGTGGCTGGAAGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCGCTGCACAA
CCACTACACTCAGAAGAGCTTGTCCCTGTCGCCCGGT

Light chain AA

SEQ ID NO:

EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAWYQQKPGQAPRLLIYGASSRATGIPDR
FSGSGSGTDFTLTISRLEPEDFAVYYCQQSSYSAPVIFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSG
TASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYAC
EVTHQGLSSPVTKSFNRGEC

Light chain DNA

SEQ ID NO:

GAAATTGTGCTGACCCAGTCTCCGGGCACGTTATCTCTGAGCCCTGGTGAGCGCGCCA
CTCTGTCATGCCGGGCTTCTCAAAGTGTTAGCAGTAGCTACCTGGCGTGGTATCAGCAAARACC
GGGCCAGGCCCCGCGTCTGCTGATTTACGGTGCATCCAGCCGTGCCACCGGCATTCCAGATCG
TTTTTCCGGTAGTGGTTCTGGGACGGACTTCACTCTGACAATCTCACGCCTGGAACCGGAGGAT
TTTGCGGTGTATTACTGCCAGCAATCTTCTTATTCTGCTCCTGTCACGTTCGGCCAAGGGACCAA
GGTGGAAATCAAACGTACTGTGGCCGCTCCTAGCGTGTTCATTTTTCCGCCATCCGACGAGCAG
CTCAAGTCCGGCACCGCCTCCGTGGTCTGCCTGCTCAACAACTTCTACCCTCGCGAAGCTAAGG

173

174

175

176
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-continued

170

Amino acid sequence of heavy chain of FS28m-228 mAb

TCCAGTGGAAGGTCGACAATGCCCTGCAGT CCGGAAACTCGCAGGAAAGCGTGACTGAACAGG
ACTCCAAGGACTCCACCTATTCACTGTCCTCGACTCTGACCCTGAGCAAGGCGGATTACGAAAR
GCACAAAGTGTACGCATGCGAAGTGACCCACCAGGGTCTTTCGTCCCCCGTGACCAAGAGCTTC

AACAGAGGAGAGTGT
Amino acid sequence of WT Fcab CH3 domain

AB, CD and EF loops underlined

(SEQ ID NO: 81)

GQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKT TPPVLDSDGSFFLY

SKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG
WT CD loop sequence

WT Fcab CD loop - SNGQPENNY

SEQ ID NO: 157
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<160>

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1
LENGTH:
TYPE: PRT
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: heavy chain of

453

mAb2 without LALA

<400> SEQUENCE:

Glu Val Gln

1

Ser

Tyr

Ser

Lys

65

Leu

Ala

Thr

Pro

Gly

145

Gln

Ser

Ser

Thr

225

Ser

Leu

Met

Ala

50

Gly

Gln

Arg

Leu

Leu

130

Cys

Ser

Ser

Ser

Asn

210

His

Val

Arg

Ser

35

Ile

Arg

Met

Tyr

Val

115

Ala

Leu

Gly

Ser

Leu

195

Thr

Thr

Phe

Leu

Leu

20

Trp

Ser

Phe

Asn

Asn

100

Thr

Pro

Val

Ala

Gly

180

Gly

Lys

Cys

Leu

1

Leu

5

Ser

Val

Pro

Thr

Ser

85

Ala

Val

Ser

Lys

Leu

165

Leu

Thr

Val

Pro

Phe
245

Glu

Cys

Arg

Thr

Ile

70

Leu

Tyr

Ser

Ser

Asp

150

Thr

Tyr

Gln

Asp

Pro

230

Pro

NUMBER OF SEQ ID NOS:

Ser

Ala

Gln

Tyr

55

Ser

Arg

His

Ser

Lys

135

Tyr

Ser

Ser

Thr

Lys

215

Cys

Pro

178

Gly

Ala

Ala

40

Ser

Arg

Ala

Ala

Ala

120

Ser

Phe

Gly

Leu

Tyr

200

Lys

Pro

Lys

Gly

Ser

25

Pro

Thr

Asp

Glu

Ala

105

Ser

Thr

Pro

Val

Ser

185

Ile

Val

Ala

Pro

Gly

10

Gly

Gly

Thr

Asn

Asp

90

Leu

Thr

Ser

Glu

His

170

Ser

Cys

Glu

Pro

Lys
250

FS22-172-003-AA/FS28-256-271

Leu

Phe

Lys

Asn

Asn

75

Thr

Asp

Lys

Gly

Pro

155

Thr

Val

Asn

Pro

Glu

235

Asp

SEQUENCE LISTING

Val

Thr

Gly

Tyr

60

Lys

Ala

Tyr

Gly

Gly

140

Val

Phe

Val

Val

Lys

220

Leu

Thr

Gln

Phe

Leu

45

Ala

Asn

Val

Trp

Pro

125

Thr

Thr

Pro

Thr

Asn

205

Ser

Leu

Leu

Pro

Thr

30

Glu

Asp

Thr

Tyr

Gly

110

Ser

Ala

Val

Ala

Val

190

His

Cys

Gly

Met

Gly

15

His

Trp

Ser

Leu

Tyr

95

Gln

Val

Ala

Ser

Val

175

Pro

Lys

Asp

Gly

Ile
255

Gly

Thr

Val

Val

Tyr

80

Cys

Gly

Phe

Leu

Trp

160

Leu

Ser

Pro

Lys

Pro

240

Ser



175

US 12,319,739 B2

-continued

176

Arg Thr Pro
Pro Glu Val
275

Ala Lys Thr
290

Val Ser Val
305

Tyr Lys Cys

Thr Ile Ser

Leu Pro Pro

355

Gln Val Ser
370

Ala Val Glu
385

Thr Pro Pro
Leu Thr Val
Ser Val Met

435
Ser Leu Ser

450

<210> SEQ I
<211> LENGT.
<212> TYPE:

Glu Val Thr Cys Val

260

Lys Phe Asn Trp Tyr

280

Lys Pro Arg Glu Glu

295

Leu Thr Val Leu His
310

Lys Val Ser Asn Lys

325

Lys Ala Lys Gly Gln

340

Ser Arg Asp Glu Leu

360

Leu Thr Cys Leu Val

375

Trp Glu Ser Asn Gly
390

Val Leu Asp Ser Asp

405

Gly Ala Asp Arg Trp

420

His Glu Ala Leu His

Pro Gly

D NO 2
H: 1359
DNA

440

Val Val Asp
265

Val Asp Gly

Gln Tyr Asn

Gln Asp Trp

315

Ala Leu Pro
330

Pro Arg Glu
345

Pro Tyr Ile

Lys Gly Phe

Gln Pro Glu

395

Gly Ser Phe
410

Leu Glu Gly
425

Asn His Tyr

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-271

RE:

mAb2 without LALA

<400> SEQUENCE: 2

gaagtgcaac

agttgcgegg

ccgggcaaag

gecggatageg

ctgcagatga

gegtatcatg

agcactaagg

accgeagecc

aacagcggag

ctgtactcat

atctgtaatg

tcgtgegaca

teggtgttec

gtgacctgty

gtggatggag

tgctggagte

ccagtggett

gtctggaatyg

tgaaaggcceg

actcactgeg

ctgctetgga

gecegteggt

tgggctgect

cecctgaccete

tgtccteegt

tcaaccataa

agactcacac

tcttecegee

tggtggtgga

tggaagtgca

cggtggtggt
taccttcact

ggttagcgcg

ttttaccatt

tgccgaagat

ctactgggge

gttecegety

tgtgaaggat

cggagtgeat

ggtcaccgte

gecctegaac

ttgccegect

caagccgaag

cgtgteccac

caacgccaag

ctggtacage

catacttata

atttctcega

tctegegaca

acggcegtgt

cagggaaccc

gececcategt

tactttceeg

acttteccegyg

ccttegtect

accaaggteg

tgcccagece

gataccctga

gaggacccgyg

accaagccac

Val Ser His
270

Val Glu Val
285

Ser Thr Tyr
300

Leu Asn Gly

Ala Pro Ile

Pro Gln Val

350

Ile Pro Pro
365

Tyr Pro Ser
380

Asn Asn Tyr

Phe Leu Tyr

Asn Val Phe
430

Thr Gln Lys
445

cgggtggtte
tgagctgggt
cttatagcac
acaacaagaa
attactgtge
tggtcaccgt
ccaagagcac
agcccgteac
ctgtgettcea
ccctgggeac
acaagaaggt
cggaactget
tgatctcacy

aagtgaaatt

gggaagaaca

Glu Asp

His Asn

Arg Val

Lys Glu
320

Glu Lys
335

Tyr Thr

Tyr Asn

Asp Ile

Lys Thr
400

Ser Lys
415

Ser Cys

Ser Leu

tctgegtety
gegtcagget
taccaactat
cacgctgtac
gagatacaac
ctcgagtget
atcagggggt
agtgtcctygyg
gtcetetgge
ccagacctat
cgagccgaag
gggtggtect
gacccecgaa
caattggtac

gtacaactct

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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US 12,319,739 B2

-continued

178

acctaccgeg

tacaagtgca

gccaagggac

ccatacatca

cccagegaca

acgecteeeg

gcagataggt

aaccactaca

tggtgtcegt

aagtgtccaa

agcctegaga

tcccaccata

tcegeegtgga

tgctggacte

ggctggaagg

ctcagaagag

<210> SEQ ID NO 3
<211> LENGTH: 453

gctcactgty

caaggcgetyg

accacaggtyg

caaccaggtce

gtgggagage

cgacggetec

gaacgtctte

cttgteeetyg

<212>
<213>
<220>
<223>

<400>

TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: heavy chain of

PRT

mAb2 with LALA

SEQUENCE :

Glu Val Gln Leu

1

Ser

Tyr

Ser

Lys

65

Leu

Ala

Thr

Pro

Gly

145

Asn

Gln

Ser

Ser

Thr
225

Ser

Arg

Leu

Met

Ala

50

Gly

Gln

Arg

Leu

Leu

130

Cys

Ser

Ser

Ser

Asn
210
His

Val

Thr

Arg

Ser

35

Ile

Arg

Met

Tyr

Val

115

Ala

Leu

Gly

Ser

Leu

195

Thr

Thr

Phe

Pro

Leu

20

Trp

Ser

Phe

Asn

Asn

100

Thr

Pro

Val

Ala

Gly

180

Gly

Lys

Cys

Leu

Glu
260

3

Leu

5

Ser

Val

Pro

Thr

Ser

85

Ala

Val

Ser

Lys

Leu

165

Leu

Thr

Val

Pro

Phe

245

Val

Glu

Cys

Arg

Thr

Ile

70

Leu

Tyr

Ser

Ser

Asp

150

Thr

Tyr

Gln

Asp

Pro
230

Pro

Thr

Ser

Ala

Gln

Tyr

55

Ser

Arg

His

Ser

Lys

135

Tyr

Ser

Ser

Thr

Lys

215

Cys

Pro

Cys

Gly

Ala

Ala

Ser

Arg

Ala

Ala

Ala

120

Ser

Phe

Gly

Leu

Tyr

200

Lys

Pro

Lys

Val

ctgcaccaag

cctgecccaa

tacaccctge

agcctgacct

aatgggcagc

ttcttectet

tcatgceteeg

tegeceggt

Gly

Ser

25

Pro

Thr

Asp

Glu

Ala

105

Ser

Thr

Pro

Val

Ser

185

Ile

Val

Ala

Pro

Val
265

Gly

10

Gly

Gly

Thr

Asn

Asp

90

Leu

Thr

Ser

Glu

His

170

Ser

Cys

Glu

Pro

Lys
250

Val

FS22-172-003-AA/FS28-256-271

Leu

Phe

Lys

Asn

Asn

75

Thr

Asp

Lys

Gly

Pro

155

Thr

Val

Asn

Pro

Glu
235

Asp

Asp

actggctgaa

ttgagaaaac

ccccateecey

gectggtcaa

cggagaacaa

acagcaagct

tgatgcatga

c¢gggaaggag

tatctcgaaa

ggatgagctg

aggcttctat

ctacaagacc

caccgtggge

ggcgetgeac

Val

Thr

Gly

Tyr

60

Lys

Ala

Tyr

Gly

Gly

140

Val

Phe

Val

Val

Lys

220

Ala

Thr

Val

Gln

Phe

Leu

45

Ala

Asn

Val

Trp

Pro

125

Thr

Thr

Pro

Thr

Asn

205

Ser

Ala

Leu

Ser

Pro

Thr

30

Glu

Asp

Thr

Tyr

Gly

110

Ser

Ala

Val

Ala

Val

190

His

Cys

Gly

Met

His
270

Gly

15

His

Trp

Ser

Leu

Tyr

95

Gln

Val

Ala

Ser

Val

175

Pro

Lys

Asp

Gly

Ile
255

Glu

Gly

Thr

Val

Val

Tyr

80

Cys

Gly

Phe

Leu

Trp

160

Leu

Ser

Pro

Lys

Pro

240

Ser

Asp

960

1020

1080

1140

1200

1260

1320

1359
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US 12,319,739 B2

-continued

180

Pro Glu Val
275

Ala Lys Thr
290

Val Ser Val
305

Tyr Lys Cys

Thr Ile Ser

Leu Pro Pro

355

Gln Val Ser
370

Ala Val Glu
385

Thr Pro Pro
Leu Thr Val
Ser Val Met

435
Ser Leu Ser

450

<210> SEQ I
<211> LENGT.
<212> TYPE:

Lys Phe Asn Trp Tyr

280

Lys Pro Arg Glu Glu

295

Leu Thr Val Leu His
310

Lys Val Ser Asn Lys

325

Lys Ala Lys Gly Gln

340

Ser Arg Asp Glu Leu

360

Leu Thr Cys Leu Val

375

Trp Glu Ser Asn Gly
390

Val Leu Asp Ser Asp

405

Gly Ala Asp Arg Trp

420

His Glu Ala Leu His

Pro Gly

D NO 4
H: 1359
DNA

440

Val Asp Gly

Gln Tyr Asn

Gln Asp Trp

315

Ala Leu Pro
330

Pro Arg Glu
345

Pro Tyr Ile

Lys Gly Phe

Gln Pro Glu

395

Gly Ser Phe
410

Leu Glu Gly
425

Asn His Tyr

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-271

mAb2

RE:

with LALA

<400> SEQUENCE: 4

gaagtgcaac

agttgcgegg

ccgggcaaag

gecggatageg

ctgcagatga

gegtatcatg

agcactaagg

accgeagecc

aacagcggag

ctgtactcat

atctgtaatg

tcgtgegaca

teggtgttec

gtgacctgty

gtggatggag

acctaccgeg

tgctggagte

ccagtggett

gtctggaatyg

tgaaaggcceg

actcactgeg

ctgctetgga

gecegteggt

tgggctgect

cecctgaccete

tgtccteegt

tcaaccataa

agactcacac

tcttecegee

tggtggtgga

tggaagtgca

tggtgtcegt

cggtggtgge

taccttcact

ggttagcgcg

ttttaccatt

tgccgaagat

ctactgggge

gttecegety

tgtgaaggat

cggagtgeat

ggtcaccgte

gecctegaac

ttgccegect

caagccgaag

cgtgteccac

caacgccaag

gctcactgty

ctggtacage

catacttata

atttctcega

tctegegaca

acggcegtgt

cagggaaccc

gececcategt

tactttceeg

acttteccegyg

ccttegtect

accaaggteg

tgcccagece

gataccctga

gaggacccgyg

accaagccac

ctgcaccaag

Val Glu Val
285

Ser Thr Tyr
300

Leu Asn Gly

Ala Pro Ile

Pro Gln Val

350

Ile Pro Pro
365

Tyr Pro Ser
380

Asn Asn Tyr

Phe Leu Tyr

Asn Val Phe

430

Thr Gln Lys
445

cgggtggtte
tgagctgggt
cttatagcac
acaacaagaa
attactgtge
tggtcaccgt
ccaagagcac
agcccgteac
ctgtgettcea
ccctgggeac
acaagaaggt
cggaagctge
tgatctcacy

aagtgaaatt

gggaagaaca

actggctgaa

His Asn

Arg Val

Lys Glu
320

Glu Lys
335

Tyr Thr

Tyr Asn

Asp Ile

Lys Thr
400

Ser Lys
415

Ser Cys

Ser Leu

tctgegtety
gegtcagget
taccaactat
cacgctgtac
gagatacaac
ctcgagtget
atcagggggt
agtgtcctygyg
gtcetetgge
ccagacctat
cgagccgaag
cggtggtect
gacccecgaa
caattggtac

gtacaactct

c¢gggaaggag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960
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US 12,319,739 B2

-continued

182

tacaagtgca

gccaagggac

ccatacatca

cccagegaca

acgecteeeg

gcagataggt

aaccactaca

<210>
<211>
<212>
<213>
<220>
<223>

<400>

PRT

SEQUENCE :

17

aagtgtccaa
agcctegaga
tcccaccata
tcegeegtgga
tgctggacte
ggctggaagg
ctcagaagag
SEQ ID NO 5
LENGTH:
TYPE :
ORGANISM: Artificial Sequence

FEATURE:
OTHER INFORMATION: FS22-172-003-AA/FS28-256-271 mAb2 HCDR2

5

caaggcgetyg
accacaggtyg
caaccaggtce
gtgggagage
cgacggetec
gaacgtctte

cttgteeetyg

cctgecccaa

tacaccctge

agcctgacct

aatgggcagc

ttcttectet

tcatgceteeg

tegeceggt

ttgagaaaac tatctcgaaa

ccccateeeyg ggatgagetyg

gectggtcaa aggcttcetat

cggagaacaa ctacaagacc

acagcaagct caccgtggge

tgatgcatga ggcgctgcac

Ala Ile Ser Pro Thr Tyr Ser Thr Thr Asn Tyr Ala Asp Ser Val Lys

1

Gly

<210>
<211>
<212>
<213>
<220>
<223>

<400>

PRT

5

SEQ ID NO 6
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: heavy chain of

453

mAb2 without LALA

SEQUENCE :

Glu Val Gln Leu

1

Ser

Tyr

Ser

Lys

65

Leu

Ala

Thr

Pro

Gly

145

Asn

Gln

Ser

Leu

Met

His

50

Gly

Gln

Arg

Leu

Leu

130

Cys

Ser

Ser

Ser

Arg

Ser

35

Ile

Arg

Met

Tyr

Val

115

Ala

Leu

Gly

Ser

Leu
195

Leu

20

Trp

Ser

Phe

Asn

Asn

100

Thr

Pro

Val

Ala

Gly

180

Gly

6

Leu

5

Ser

Val

Pro

Thr

Ser

85

Ala

Val

Ser

Lys

Leu

165

Leu

Thr

Glu

Cys

Arg

Thr

Ile

70

Leu

Tyr

Ser

Ser

Asp

150

Thr

Tyr

Gln

Ser

Ala

Gln

Tyr

55

Ser

Arg

His

Ser

Lys

135

Tyr

Ser

Ser

Thr

Gly

Ala

Ala

Ser

Arg

Ala

Ala

Ala

120

Ser

Phe

Gly

Leu

Tyr
200

Gly

Ser

25

Pro

Thr

Asp

Glu

Ala

105

Ser

Thr

Pro

Val

Ser

185

Ile

10

Gly

10

Gly

Gly

Thr

Asn

Asp

90

Leu

Thr

Ser

Glu

His
170

Ser

Cys

FS22-172-003-AA/FS28-256-272

Leu

Phe

Lys

Asn

Asn

75

Thr

Asp

Lys

Gly

Pro
155
Thr

Val

Asn

15

Val Gln Pro Gly Gly
15

Thr Phe Thr His Thr
30

Gly Leu Glu Trp Val
45

Tyr Ala Asp Ser Val
60

Lys Asn Thr Leu Tyr
80

Ala Val Tyr Tyr Cys
95

Tyr Trp Gly Gln Gly
110

Gly Pro Ser Val Phe
125

Gly Thr Ala Ala Leu
140

Val Thr Val Ser Trp
160

Phe Pro Ala Val Leu
175

Val Thr Val Pro Ser
190

Val Asn His Lys Pro
205

1020

1080

1140

1200

1260

1320

1359

(Kabat)
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US 12,319,739 B2

-continued

184

Ser Asn Thr
210

Thr His Thr
225

Ser Val Phe

Arg Thr Pro

Pro Glu Val

275

Ala Lys Thr
290

Val Ser Val
305

Tyr Lys Cys

Thr Ile Ser

Leu Pro Pro

355

Gln Val Ser
370

Ala Val Glu
385

Thr Pro Pro
Leu Thr Val
Ser Val Met

435
Ser Leu Ser

450

<210> SEQ I
<211> LENGT.
<212> TYPE:

Lys Val Asp Lys Lys

215

Cys Pro Pro Cys Pro
230

Leu Phe Pro Pro Lys

245

Glu Val Thr Cys Val

260

Lys Phe Asn Trp Tyr

280

Lys Pro Arg Glu Glu

295

Leu Thr Val Leu His
310

Lys Val Ser Asn Lys

325

Lys Ala Lys Gly Gln

340

Ser Arg Asp Glu Leu

360

Leu Thr Cys Leu Val

375

Trp Glu Ser Asn Gly
390

Val Leu Asp Ser Asp

405

Gly Ala Asp Arg Trp

420

His Glu Ala Leu His

Pro Gly

D NO 7
H: 1359
DNA

440

Val Glu Pro
Ala Pro Glu
235

Pro Lys Asp
250

Val Val Asp
265

Val Asp Gly

Gln Tyr Asn

Gln Asp Trp

315

Ala Leu Pro
330

Pro Arg Glu
345

Pro Tyr Ile

Lys Gly Phe

Gln Pro Glu

395

Gly Ser Phe
410

Leu Glu Gly
425

Asn His Tyr

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-272

RE:

mAb2 without LALA

<400> SEQUENCE: 7

gaagtgcaac

agttgcgegg

ccgggcaaag

gecggatageg

ctgcagatga

gegtatcatg

agcactaagg

accgeagecc

aacagcggag

ctgtactcat

tgctggagte

ccagtggett

gtctggaatyg

tgaaaggcceg

actcactgeg

ctgctetgga

gecegteggt

tgggctgect

cecctgaccete

tgtccteegt

cggtggtgge

taccttcact

ggttagccat

ttttaccatt

tgccgaagat

ctactgggge

gttecegety

tgtgaaggat

cggagtgeat

ggtcaccgte

ctggtacage

catacttata

atttctcega

tctegegaca

acggcegtgt

cagggaaccc

gececcategt

tactttceeg

acttteccegyg

ccttegtect

Lys Ser Cys
220

Leu Leu Gly

Thr Leu Met

Val Ser His
270

Val Glu Val
285

Ser Thr Tyr
300

Leu Asn Gly

Ala Pro Ile

Pro Gln Val
350

Ile Pro Pro
365

Tyr Pro Ser
380

Asn Asn Tyr

Phe Leu Tyr

Asn Val Phe
430

Thr Gln Lys
445

cgggtggtte
tgagctgggt
cttatagcac
acaacaagaa
attactgtge
tggtcaccgt
ccaagagcac
agcccgteac
ctgtgettcea

ccctgggeac

Asp Lys
Gly Pro
240

Ile Ser
255

Glu Asp

His Asn

Arg Val

Lys Glu
320

Glu Lys
335

Tyr Thr

Tyr Asn

Asp Ile

Lys Thr
400

Ser Lys
415

Ser Cys

Ser Leu

tctgegtety
gegtcagget
taccaactat
cacgctgtac
gagatacaac
ctcgagtget
atcagggggt
agtgtcctygyg
gtcetetgge

ccagacctat

60

120

180

240

300

360

420

480

540

600
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US 12,319,739 B2

186

-continued
atctgtaatg tcaaccataa gccctcgaac accaaggteg acaagaaggt cgagcecgaag 660
tegtgegaca agactcacac ttgccegect tgeccagece cggaactget gggtggtect 720
teggtgttee tetteccgee caagccgaag gataccctga tgatctcacyg gacccccgaa 780
gtgacctgtyg tggtggtgga cgtgtcccac gaggacccgg aagtgaaatt caattggtac 840
gtggatggayg tggaagtgca caacgccaag accaagccac gggaagaaca gtacaactcet 900
acctaccgeg tggtgtcegt getcactgtg ctgcaccaag actggctgaa cgggaaggag 960
tacaagtgca aagtgtccaa caaggcgctg cctgccccaa ttgagaaaac tatctcgaaa 1020
gccaagggac agcectcgaga accacaggtg tacaccctge ceccatcccg ggatgagetg 1080
ccatacatca tcccaccata caaccaggtc agcctgacct gectggtcaa aggcttctat 1140
cccagegaca tcegecgtgga gtgggagage aatgggcage cggagaacaa ctacaagacce 1200
acgccteceg tgctggacte cgacggctcee ttettectet acagcaaget caccgtgggce 1260
gcagataggt ggctggaagg gaacgtcttc tcatgctceg tgatgcatga ggcgctgcac 1320
aaccactaca ctcagaagag cttgtccctg tcgecccggt 1359

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 8
H: 111
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: CH3 domain and amino acid sequence of modified

regions of CH3 AB and EF structural loops of all FS22-172-003

Fcab-containing mAb2 clones and the FS22-172-003 Fcab

<400> SEQUENCE: 8

Gly Gln Pro
1

Glu Leu Pro
Leu Val Lys
35

Asn Gly Gln

Ser Asp Gly
65

Arg Trp Leu

Leu His Asn

<210> SEQ I
<211> LENGT.
<212> TYPE:

Arg Glu Pro Gln Val

5

Tyr Ile Ile Pro Pro

20

Gly Phe Tyr Pro Ser

40

Pro Glu Asn Asn Tyr

55

Ser Phe Phe Leu Tyr

70

Glu Gly Asn Val Phe

85

His Tyr Thr Gln Lys

100

D NO 9
H: 333
DNA

Tyr

Tyr

25

Asp

Lys

Ser

Ser

Ser
105

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Thr

10

Asn

Ile

Thr

Lys

Cys

90

Leu

Leu

Gln

Ala

Thr

Leu

75

Ser

Ser

Pro

Val

Val

Pro

60

Thr

Val

Leu

Pro

Ser

Glu

45

Pro

Val

Met

Ser

Ser

Leu

30

Trp

Val

Gly

His

Pro
110

Arg Asp
15

Thr Cys

Glu Ser

Leu Asp

Ala Asp
80

Glu Ala
95

Gly

<223> OTHER INFORMATION: CH3 domain and amino acid sequence of modified

regions of CH3 AB and EF structural loops of all FS22-172-003

Fcab-containing mAb2 clones and the FS22-172-003 Fcab

<400> SEQUENCE: 9

ggacagccte

atcatcccac

gacatcgecyg

cecegtgetygyg

gagaaccaca

catacaacca

tggagtggga

actccgacgg

ggtgtacacc

ggtcagecty

gagcaatggg

cteccettette

ctgecceccat

acctgectygyg

cagccggaga

ctctacagea

ccegggatga getgecatac

tcaaaggcett

ctatcccage

acaactacaa gaccacgcect

agctcacegt

gggcgcagat

60

120

180

240
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aggtggctgg aagggaacgt cttctceatge tcegtgatge atgaggeget gcacaaccac

tacactcaga agagcttgte cctgtegece ggt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

PRT

SEQUENCE :

SEQ ID NO 10
LENGTH: 7
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: CH3 domain and amino acid sequence of modified
regions of CH3 AB and EF structural loops of all FS22-172-003

Fcab-containing mAb2 clones and the FS22-172-003 Fcab Loop AB

10

Pro Tyr Ile Ile Pro Pro Tyr

1

<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

5

SEQ ID NO 11
LENGTH: 7
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: CH3 domain and amino acid sequence of modified
regions of CH3 AB and EF structural loops of all FS22-172-003

Fcab-containing mAb2 clones and the FS22-172-003 Fcab Loop EF

11

Gly Ala Asp Arg Trp Leu Glu

1 5
<210> SEQ ID NO 12
<211> LENGTH: 116
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: heavy chain of
<400> SEQUENCE: 12
Glu Val Gln Leu Leu Glu Ser Gly Gly Gly
1 5 10
Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly
20 25
Ser Met Ser Trp Val Arg Gln Ala Pro Gly
35 40
Ser Phe Ile Thr Pro Ser Thr Gly Tyr Thr
50 55
Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn
65 70
Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
85 90
Ala Arg Arg Ala Leu Thr Phe Asp Tyr Trp
100 105
Thr Val Ser Ser
115
<210> SEQ ID NO 13
<211> LENGTH: 348
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223>
<400> SEQUENCE: 13

gaagtgcaac tgctggagtc cggtggtggt ctggtacage cgggtggtte tetgegtetg

FS22-172-003-AA/FS28-024 mAb2

Leu

Phe

Lys

His

Ser

75

Thr

Gly

Val

Thr

Gly

Tyr

60

Lys

Ala

Gln

Gln

Leu

Leu

45

Ala

Asn

Val

Gly

Pro

Ser

30

Glu

Asp

Thr

Tyr

Thr
110

Gly

15

Tyr

Trp

Ser

Leu

Tyr

95

Leu

Gly

Ser

Val

Val

Tyr

80

Cys

Val

OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024 mAb2

300

333

60
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agttgcgegg ccagtggett taccctcagt tattcttceta tgtcatgggt gegtcagget 120
ccgggcaaag gtctggaatg ggttagettt attactcegt ctactggeta tacccactat 180
geggatageyg tgaaaggccg ttttaccatt tcectegegaca acagcaagaa cacgctgtac 240
ctgcagatga actcactgcg tgccgaagat acggccegtgt attactgtge gagacgggceg 300
ctgacgttcg actactgggg ccagggaacc ttggtcaccg tctcgagt 348

<210> SEQ ID NO 14

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024 mAb2
HCDR1 (IMGT)

<400> SEQUENCE: 14

Gly Phe Thr Leu Ser Tyr Ser Ser
1 5

<210> SEQ ID NO 15

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024 mAb2
HCDR1 (Kabat)

<400> SEQUENCE: 15

Tyr Ser Ser Met Ser
1 5

<210> SEQ ID NO 16

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024 mAb2
HCDR2 (IMGT)

<400> SEQUENCE: 16

Ile Thr Pro Ser Thr Gly Tyr Thr
1 5

<210> SEQ ID NO 17

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024 mAb2
HCDR2 (Kabat)

<400> SEQUENCE: 17

Phe Ile Thr Pro Ser Thr Gly Tyr Thr His Tyr Ala Asp Ser Val Lys
1 5 10 15

Gly

<210> SEQ ID NO 18

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024 mAb2
HCDR3 (IMGT)

<400> SEQUENCE: 18
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Ala Arg Arg Ala Leu Thr Phe Asp Tyr
1 5

<210> SEQ ID NO 19

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024 mAb2
HCDR3 (Kabat)

<400> SEQUENCE: 19

Arg Ala Leu Thr Phe Asp Tyr
1 5

<210> SEQ ID NO 20

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-024 mAb2
LCDR1 (IMGT)

<400> SEQUENCE: 20

Gln Ser Val Ser Ser Ser Tyr
1 5

<210> SEQ ID NO 21

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-024 mAb2
LCDR1 (Kabat)

<400> SEQUENCE: 21

Arg Ala Ser Gln Ser Val Ser Ser Ser Tyr Leu Ala
1 5 10

<210> SEQ ID NO 22

<211> LENGTH: 3

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-024 mAb2
LCDR2 (IMGT)

<400> SEQUENCE: 22

Gly Ala Ser
1

<210> SEQ ID NO 23

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-024 mAb2
LCDR2 (Kabat)

<400> SEQUENCE: 23

Gly Ala Ser Ser Arg Ala Thr
1 5

<210> SEQ ID NO 24

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:
<223> OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-024 mAb2
LCDR2 (IMGT) and (Kabat)

<400> SEQUENCE: 24

Gln Gln Ala Ser Ser Tyr Pro Leu Thr
1 5

<210> SEQ ID NO 25

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024-051
mAb2 HCDR3 (IMGT)

<400> SEQUENCE: 25

Ala Arg Arg Ala Leu Ile Phe Asp Tyr
1 5

<210> SEQ ID NO 26

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024-051
mAb2 HCDR3 (Kabat)

<400> SEQUENCE: 26

Arg Ala Leu Ile Phe Asp Tyr
1 5

<210> SEQ ID NO 27

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024-052
mAb2 HCDR3 (IMGT)

<400> SEQUENCE: 27

Ala Arg Arg Ala Leu Leu Phe Asp Tyr
1 5

<210> SEQ ID NO 28

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024-052
mAb2 HCDR3 (Kabat)

<400> SEQUENCE: 28

Arg Ala Leu Leu Phe Asp Tyr
1 5

<210> SEQ ID NO 29

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024-053
mAb2 HCDR3 (IMGT)

<400> SEQUENCE: 29

Ala Arg Arg Ala Leu Val Phe Asp Tyr
1 5
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<210> SEQ ID NO 30

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024-053
mAb2 HCDR3 (Kabat)

<400> SEQUENCE: 30

Arg Ala Leu Val Phe Asp Tyr
1 5

<210> SEQ ID NO 31

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256 mAb2
HCDR1 (IMGT)

<400> SEQUENCE: 31

Gly Phe Thr Phe Thr Asn Thr Tyr
1 5

<210> SEQ ID NO 32

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256 mAb2
HCDR1 (Kabat)

<400> SEQUENCE: 32

Asn Thr Tyr Met Ser
1 5

<210> SEQ ID NO 33

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256 mAb2
HCDR2 (IMGT)

<400> SEQUENCE: 33

Ile Ser Pro Thr Tyr Ser Thr Thr
1 5

<210> SEQ ID NO 34

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256 mAb2
HCDR2 (Kabat)

<400> SEQUENCE: 34

Asn Ile Ser Pro Thr Tyr Ser Thr Thr Asn Tyr Ala Asp Ser Val Lys
1 5 10 15

Gly

<210> SEQ ID NO 35

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256 mAb2
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HCDR3 (IMGT)
<400> SEQUENCE: 35

Ala Arg Tyr Asn Ser Tyr Gln Gly Gly Leu Asp Tyr
1 5 10

<210> SEQ ID NO 36

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256 mAb2
HCDR3 (Kabat)

<400> SEQUENCE: 36

Tyr Asn Ser Tyr Gln Gly Gly Leu Asp Tyr
1 5 10

<210> SEQ ID NO 37

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-256 mAb2
LCDR2 (IMGT) and (Kabat)

<400> SEQUENCE: 37

Gln Gln Ser Tyr Tyr Tyr Pro Ile Thr
1 5

<210> SEQ ID NO 38

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-001
mAb2 HCDR1 (IMGT)

<400> SEQUENCE: 38

Gly Phe Thr Phe Thr Glu Thr Tyr
1 5

<210> SEQ ID NO 39

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-001
mAb2 HCDR1 (Kabat)

<400> SEQUENCE: 39

Glu Thr Tyr Met Ser
1 5

<210> SEQ ID NO 40

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-256-001
mAb2 LCDR3 (IMGT) and (Kabat)

<400> SEQUENCE: 40
Gln Gln His Asn Gln Tyr Pro Asn Thr

1 5

<210> SEQ ID NO 41
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<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-256-005
mAb2 LCDR3 (IMGT) and (Kabat)

<400> SEQUENCE: 41

Gln Gln Ala Leu Gly Tyr Pro His Thr
1 5

<210> SEQ ID NO 42

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-012
mAb2 HCDR1 (IMGT)

<400> SEQUENCE: 42

Gly Phe Thr Phe Thr His Thr Tyr
1 5

<210> SEQ ID NO 43

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-012
mAb2 HCDR1 (Kabat)

<400> SEQUENCE: 43

His Thr Tyr Met Ser
1 5

<210> SEQ ID NO 44

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-012
mAb2 HCDR3 (IMGT)

<400> SEQUENCE: 44

Ala Arg Tyr Asn Ala Tyr His Ala Ala Leu Asp Tyr
1 5 10

<210> SEQ ID NO 45

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-012
mAb2 HCDR3 (Kabat)

<400> SEQUENCE: 45

Tyr Asn Ala Tyr His Ala Ala Leu Asp Tyr
1 5 10

<210> SEQ ID NO 46

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-014
mAb2 HCDR1 (IMGT)

<400> SEQUENCE: 46
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Gly Phe Thr Phe Thr Asp Thr Tyr
1 5

<210> SEQ ID NO 47

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-014
mAb2 HCDR1 (Kabat)

<400> SEQUENCE: 47

Asp Thr Tyr Met Ser
1 5

<210> SEQ ID NO 48

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-014
mAb2 HCDR3 (IMGT)

<400> SEQUENCE: 48

Ala Arg Tyr Asn Ala Tyr Ala Ala Gly Leu Asp Tyr
1 5 10

<210> SEQ ID NO 49

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-014
mAb2 HCDR3 (Kabat)

<400> SEQUENCE: 49

Tyr Asn Ala Tyr Ala Ala Gly Leu Asp Tyr
1 5 10

<210> SEQ ID NO 50

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-018
mAb2 HCDR1 (IMGT)

<400> SEQUENCE: 50

Gly Phe Thr Phe Thr Gln Thr Tyr
1 5

<210> SEQ ID NO 51

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-018
mAb2 HCDR1 (Kabat)

<400> SEQUENCE: 51

Gln Thr Tyr Met Ser
1 5

<210> SEQ ID NO 52

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-018
mAb2 HCDR3 (IMGT)

<400> SEQUENCE: 52

Ala Arg Tyr Asn Ala Tyr Gln Ile Gly Leu Asp Tyr
1 5 10

<210> SEQ ID NO 53

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-018
mAb2 HCDR3 (Kabat)

<400> SEQUENCE: 53

Tyr Asn Ala Tyr Gln Ile Gly Leu Asp Tyr
1 5 10

<210> SEQ ID NO 54

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-024 mAb2 VL
domain

<400> SEQUENCE: 54

Glu Ile Val Leu Thr Gln Ser Pro Gly Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Ser Ser Ser
20 25 30

Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu
35 40 45

Ile Tyr Gly Ala Ser Ser Arg Ala Thr Gly Ile Pro Asp Arg Phe Ser
50 55 60

Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Arg Leu Glu
65 70 75 80

Pro Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Ala Ser Ser Tyr Pro
85 90 95

Leu Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> SEQ ID NO 55

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-024 mAb2 VL
domain

<400> SEQUENCE: 55

gaaattgtge tgacccagte tccgggcacg ttatctetga gecctggtga gegegccact 60
ctgtcatgee gggcettcectca aagtgttage agtagctace tggegtggta tcagcaaaaa 120
cegggecagg ccccegegtet getgatttac ggtgcatcca gecgtgcecac cggcattcca 180
gatcgttttt cecggtagtgg ttctgggacg gacttcactce tgacaatctc acgectggaa 240
ccggaggatt ttgeggtgta ttactgecag caagettett cttatcctet cacgttegge 300
caagggacca aggtggaaat caaa 324

<210> SEQ ID NO 56
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<211> LENGTH: 116

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024-051
mAb2 VH domain

<400> SEQUENCE: 56

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Leu Ser Tyr Ser
20 25 30

Ser Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Phe Ile Thr Pro Ser Thr Gly Tyr Thr His Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys

Ala Arg Arg Ala Leu Ile Phe Asp Tyr Trp Gly Gln Gly Thr Leu Val
100 105 110

Thr Val Ser Ser
115

<210> SEQ ID NO 57

<211> LENGTH: 348

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024-051
mAb2 VH domain

<400> SEQUENCE: 57

gaagtgcaac tgctggagtce cggtggtggt ctggtacage cgggtggttce tetgegtetg 60
agttgcgegg ccagtggett taccctcagt tattcttceta tgtcatgggt gegtcagget 120
ccgggcaaag gtctggaatg ggttagettt attactcegt ctactggeta tacccactat 180
geggatageyg tgaaaggccg ttttaccatt tcectegegaca acagcaagaa cacgctgtac 240
ctgcagatga actcactgcg tgccgaagat acggccegtgt attactgtge gagacgggceg 300
ctgattttecg actactgggg ccagggaacc ctggtcaccg tctcgagt 348

<210> SEQ ID NO 58

<211> LENGTH: 116

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024-052
mAb2 VH domain

<400> SEQUENCE: 58

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Leu Ser Tyr Ser
20 25 30

Ser Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Phe Ile Thr Pro Ser Thr Gly Tyr Thr His Tyr Ala Asp Ser Val
50 55 60



207

US 12,319,739 B2

-continued

208

Lys Gly Arg
65

Leu Gln Met

Ala Arg Arg

Thr Val Ser
115

<210> SEQ I
<211> LENGT.
<212> TYPE:

Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr

70

75

80

Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys

85

90

95

Ala Leu Leu Phe Asp Tyr Trp Gly Gln Gly Thr Leu Val

100

Ser

D NO 59
H: 348
DNA

105

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024-052

RE:

mAb2 VH domain

<400> SEQUENCE: 59

gaagtgcaac
agttgcgegyg
ccgggcaaag
gecggatageg
ctgcagatga
ctgetttteg
<210> SEQ I

<211> LENGT.
<212> TYPE:

tgctggagte

ccagtggett

gtctggaatyg

tgaaaggcceg

actcactgeg

actactgggyg

D NO 60
H: 116
PRT

cggtggtgge
taccctcagt
ggttagettt
ttttaccatt
tgccgaagat

ccagggaacc

ctggtacage

tattcttcta

attactcegt

tctegegaca

acggcegtgt

ctggtcacceyg

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: heavy chain of
mAb2 VH domain

<400> SEQUENCE: 60

Glu Val Gln Leu Leu Glu Ser Gly

1

Ser Leu Arg

Ser Met Ser
35

Ser Phe Ile
50

Lys Gly Arg
65

Leu Gln Met

Ala Arg Arg

Thr Val Ser
115

<210> SEQ I
<211> LENGT.
<212> TYPE:

5

Leu Ser Cys Ala Ala

20

Trp Val Arg Gln Ala

40

Thr Pro Ser Thr Gly

55

Phe Thr Ile Ser Arg

Asn Ser Leu Arg Ala

85

Ala Leu Val Phe Asp

100

Ser

D NO 61
H: 348
DNA

Gly

Ser

25

Pro

Tyr

Asp

Glu

Tyr
105

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024-053

mAb2

VH domain

Gly

Gly

Gly

Thr

Asn

Asp

90

Trp

FS22-172-003-AA/FS28-024-053

Leu

Phe

Lys

His

Ser

75

Thr

Gly

110

cgggtggttc

tgtcatgggt

ctactggceta

acagcaagaa

attactgtge

tctegteg

Val Gln Pro

Thr Leu Ser

30

tctgegtety
gegtcagget
tacccactat

cacgctgtac

gagacgggcg

Gly Gly

Tyr Ser

Gly Leu Glu Trp Val

45

Tyr Ala Asp

60

Lys Asn Thr

Ala Val Tyr

Gln Gly Thr
110

Ser Val
Leu Tyr
80

Tyr Cys
95

Leu Val

60

120

180

240

300

348
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209 210

-continued

<400> SEQUENCE: 61

gaagtgcaac tgctggagtce cggtggtggt ctggtacage cgggtggttce tetgegtetg 60
agttgcgegg ccagtggett taccctcagt tattcttceta tgtcatgggt gegtcagget 120
ccgggcaaag gtctggaatg ggttagettt attactcegt ctactggeta tacccactat 180
geggatageyg tgaaaggccg ttttaccatt tcectegegaca acagcaagaa cacgctgtac 240
ctgcagatga actcactgcg tgccgaagat acggccegtgt attactgtge gagacgggceg 300
ctggtgttcg actactgggg ccagggaacc ctggtcaccg tctegtceg 348

<210> SEQ ID NO 62

<211> LENGTH: 119

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256 mAb2 VH
domain

<400> SEQUENCE: 62

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Thr Asn Thr
20 25 30

Tyr Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Asn Ile Ser Pro Thr Tyr Ser Thr Thr Asn Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Tyr Asn Ser Tyr Gln Gly Gly Leu Asp Tyr Trp Gly Gln Gly
100 105 110

Thr Leu Val Thr Val Ser Ser
115

<210> SEQ ID NO 63

<211> LENGTH: 357

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256 mAb2 VH
domain

<400> SEQUENCE: 63

gaagtgcaac tgctggagtc cggtggtggt ctggtacage cgggtggtte tetgegtetg 60
agttgcegegyg ccagtggett taccttcact aacacttata tgagetgggt gegtcagget 120
ccgggcaaag gtcetggaatg ggttageaat atttetecga cttatagecac taccaactat 180
gecggatageg tgaaaggceg ttttaccatt tctegegaca acagcaagaa cacgetgtac 240
ctgcagatga actcactgeg tgccgaagat acggecgtgt attactgtge gagatacaac 300
tcttaccagg gtggettgga ctactgggge cagggaacct tggtcacegt ctcegagt 357

<210> SEQ ID NO 64

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-256 mAb2 VL



211
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-continued

212

domai

n

<400> SEQUENCE: 64

Glu Ile Val
1

Glu Arg Ala
Tyr Leu Ala
35

Ile Tyr Gly
50

Gly Ser Gly
65

Pro Glu Asp

Ile Thr Phe

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Thr Gln Ser Pro

Thr Leu Ser Cys Arg

20

Trp Tyr Gln Gln Lys

40

Ala Ser Ser Arg Ala

Ser Gly Thr Asp Phe

70

Phe Ala Val Tyr Tyr

85

Gly Gln Gly Thr Lys

100

D NO 65
H: 324
DNA

Gly

Ala

25

Pro

Thr

Thr

Cys

Val
105

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Thr

10

Ser

Gly

Gly

Leu

Gln

90

Glu

Leu

Gln

Gln

Ile

Thr

75

Gln

Ile

Ser Leu Ser
Ser Val Ser
30

Ala Pro Arg
45

Pro Asp Arg
60
Ile Ser Arg

Ser Tyr Tyr

Lys

Pro Gly
15

Ser Ser

Leu Leu

Phe Ser

Leu Glu

80

Tyr Pro
95

<223> OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-256 mAb2 VL

domai

n

<400> SEQUENCE: 65

gaaattgtge
ctgtcatgee
ccgggecagy
gategttttt
ccggaggatt
caagggacca
<210> SEQ I

<211> LENGT.
<212> TYPE:

tgacccagte
gggcttcetea
ccecegegtet
cecggtagtgg
ttgcggtgta
aggtggaaat
D NO 66

H: 119
PRT

tcegggcacy
aagtgttage
getgatttac
ttctgggacy
ttactgccag

caaa

ttatctctga

agtagctacc

ggtgcatcca

gacttcacte

caatcttatt

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: heavy chain of
mAb2 VH domain

<400> SEQUENCE: 66

Glu Val Gln
1

Ser Leu Arg

Tyr Met Ser
35

Ser Asn Ile
50

Lys Gly Arg
65

Leu Gln Met

Ala Arg Tyr

Leu Leu Glu Ser Gly

Leu Ser Cys Ala Ala

20

Trp Val Arg Gln Ala

40

Ser Pro Thr Tyr Ser

55

Phe Thr Ile Ser Arg

70

Asn Ser Leu Arg Ala

85

Asn Ser Tyr Gln Gly

100

Gly

Ser

25

Pro

Thr

Asp

Glu

Gly
105

Gly

Gly

Gly

Thr

Asn

Asp

90

Leu

FS22-172-003-AA/FS28-256-001

Leu

Phe

Lys

Asn

Ser

75

Thr

Asp

gecetggtga
tggcgtggta
geegtgecac
tgacaatctce

attatcctat

Val Gln Pro

Thr Phe Thr
30

Gly Leu Glu
45

Tyr Ala Asp
60

Lys Asn Thr

Ala Val Tyr

Tyr Trp Gly
110

gegegecact
tcagcaaaaa
cggcatteca
acgcctggaa

cacgttcgge

Gly Gly

Glu Thr

Trp Val

Ser Val

Leu Tyr
80

Tyr Cys
95

Gln Gly

60

120

180

240

300

324



213
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-contin

ued

214

Thr Leu Val Thr Val Ser Ser

115

<210> SEQ ID NO 67
<211> LENGTH: 357

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-001

mAb2 VH domain

<400> SEQUENCE: 67

gaagtgcaac

agttgcgegg

tgctggagte

ccagtggett

ccgggcaaag gtetggaatg

gecggatageg
ctgcagatga
tcttaccagyg
<210> SEQ I

<211> LENGT.
<212> TYPE:

tgaaaggcceg
actcactgeg
gtggettgga
D NO 68

H: 108
PRT

cggtggtgge
taccttcact
ggttagcaat
ttttaccatt
tgccgaagat

ctactgggge

ctggtacage

gagacttata

atttctcega

tctegegaca

acggcegtgt

cagggaacct

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

mAb2 VL domain

<400> SEQUENCE: 68

Glu Ile Val
1

Glu Arg Ala
Tyr Leu Ala
35

Ile Tyr Gly
50

Gly Ser Gly
65

Pro Glu Asp

Asn Thr Phe

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Thr Gln Ser Pro

5

Thr Leu Ser Cys Arg

20

Trp Tyr Gln Gln Lys

40

Ala Ser Ser Arg Ala

Ser Gly Thr Asp Phe

70

Phe Ala Val Tyr Tyr

85

Gly Gln Gly Thr Lys

100

D NO 69
H: 324
DNA

Gly

Ala

25

Pro

Thr

Thr

Cys

Val
105

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-256-001

mAb2

<400> SEQUE:

gaaattgtge

ctgtcatgee

ccgggcecagyg

gatcgttttt

ccggaggatt

RE:

VL domain

NCE: 69

tgacccagte

gggcttcetea

ccecegegtet

ccggtagtgg

ttgcggtgta

tcegggcacy

aagtgttage

getgatttac

ttctgggacy

ttactgccag

light chain of

Thr

10

Ser

Gly

Gly

Leu

Gln

90

Glu

FS22-172-003-AA/FS28-256-001

Leu

Gln

Gln

Ile

Thr

75

Gln

Ile

ttatctctga

agtagctacc

ggtgcatcca

gacttcacte

caacataatc

cgggtggttc

tctgegtety

tgagctgggt gegtcagget

cttatagcac

acagcaagaa

taccaactat

cacgctgtac

attactgtgce gagatacaac

tggtcaccgt

Ser Leu Ser

Ser Val Ser
30

Ala Pro Arg
45

Pro Asp Arg
60

Ile Ser Arg

His Asn Gln

Lys

gecetggtga
tggcgtggta
geegtgecac
tgacaatctce

agtatccgaa

ctcgagt

Pro Gly
15

Ser Ser

Leu Leu

Phe Ser

Leu Glu
80

Tyr Pro
95

gegegecact
tcagcaaaaa
cggcatteca
acgcctggaa

tacgttcgge

60

120

180

240

300

357

60

120

180

240

300
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-continued

216

caagggacca aggtggaaat caaa

<210>
<211>
<212>
<213>
<220>
<223>

PRT

SEQ ID NO 70
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: heavy chain of

119

mAb2 VH domain

<400> SEQUENCE: 70
Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu
1 5 10
Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe
20 25
Tyr Met Ser Trp Val Arg Gln Ala Pro Gly Lys
35 40
Ser Asn Ile Ser Pro Thr Tyr Ser Thr Thr Asn
50 55
Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Asn
65 70 75
Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr
85 90
Ala Arg Tyr Asn Ala Tyr His Ala Ala Leu Asp
100 105
Thr Leu Val Thr Val Ser Ser
115
<210> SEQ ID NO 71
<211> LENGTH: 357
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223>
mAb2 VH domain
<400> SEQUENCE: 71
gaagtgcaac tgctggagte cggtggtggt ctggtacage
agttgecgegg ccagtggett taccttcact catacttata
ccgggcaaag gtcetggaatg ggttagcaat atttctccga
geggatageyg tgaaaggccg ttttaccatt tctcegegaca
ctgcagatga actcactgcg tgccgaagat acggccegtgt
gegtatcatyg ctgctetgga ctactgggge cagggaacce
<210> SEQ ID NO 72
<211> LENGTH: 119
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223>
mAb2 VH domain
<400> SEQUENCE: 72

Val

Thr

Gly

Tyr

60

Lys

Ala

Tyr

Gln

Phe

Leu

45

Ala

Asn

Val

Trp

Pro

Thr

30

Glu

Asp

Thr

Tyr

Gly
110

cgggtggttc

tgagctgggt

cttatagcac

acaacaagaa

attactgtge

tggtcaccgt

FS22-172-003-AA/FS28-256-012

Gly Gly
15

His Thr

Trp Val

Ser Val

Leu Tyr
80

Tyr Cys
95

Gln Gly

OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-012

tctgegtety

gegtcagget

taccaactat

cacgctgtac

gagatacaac

ctcgagt

OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-014

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1

5

10

15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Thr Asp Thr

20

25

30

Tyr Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val

324

60

120

180

240

300

357
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-contin

ued

218

35

Ser Asn Ile
50

Lys Gly Arg
65

Leu Gln Met

Ala Arg Tyr

Thr Leu Val
115

<210> SEQ I
<211> LENGT.
<212> TYPE:

40

Ser Pro Thr Tyr Ser

55

Phe Thr Ile Ser Arg

70

Asn Ser Leu Arg Ala

85

Asn Ala Tyr Ala Ala

100

Thr Val Ser Ser

D NO 73
H: 357
DNA

Thr Thr Asn
Asp Asn Ser
75

Glu Asp Thr
90

Gly Leu Asp
105

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-014

RE:

mAb2 VH domain

<400> SEQUENCE: 73

gaagtgcaac
agttgcgegyg
ccgggcaaag
gecggatageg
ctgcagatga
gegtatgegg
<210> SEQ I

<211> LENGT.
<212> TYPE:

tgctggagte
ccagtggett
gtctggaatyg
tgaaaggcceg
actcactgeg
cgggtettga
D NO 74

H: 119
PRT

cggtggtgge
taccttcact
ggttagcaat
ttttaccatt
tgccgaagat

ctactgggge

ctggtacage
gatacttata
atttctcega
tctegegaca
acggcegtgt

cagggaaccc

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: heavy chain of

RE:

mAb2 VH domain

<400> SEQUENCE: 74

Glu Val Gln
1

Ser Leu Arg
Tyr Met Ser
35

Ser Asn Ile
50

Lys Gly Arg
65

Leu Gln Met

Ala Arg Tyr

Thr Leu Val
115

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Leu Glu Ser Gly

Leu Ser Cys Ala Ala

20

Trp Val Arg Gln Ala

Ser Pro Thr Tyr Ser

55

Phe Thr Ile Ser Arg

70

Asn Ser Leu Arg Ala

85

Asn Ala Tyr Gln Ile

100

Thr Val Ser Ser

D NO 75
H: 357
DNA

Gly Gly Leu
10

Ser Gly Phe
25

Pro Gly Lys

Thr Thr Asn

Asp Asn Ser
75

Glu Asp Thr
90

Gly Leu Asp
105

45

Tyr Ala Asp
60

Lys Asn Thr

Ala Val Tyr

Tyr Trp Gly
110

cgggtggtte
tgagctgggt
cttatagcac
acagcaagaa
attactgtge

tggtcaccgt

Val Gln Pro

Thr Phe Thr
30

Ser Val
Leu Tyr
80

Tyr Cys
95

Gln Gly

tctgegtety
gegtcagget
taccaactat
cacgctgtac
gagatacaac

ctcgagt

FS22-172-003-AA/FS28-256-018

Gly Gly
15

Gln Thr

Gly Leu Glu Trp Val

45

Tyr Ala Asp
60

Lys Asn Thr

Ala Val Tyr

Ser Val

Leu Tyr
80

Tyr Cys
95

Tyr Trp Gly Gln Gly

110

60

120

180

240

300

357
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219 220

-continued

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-018
mAb2 VH domain

<400> SEQUENCE: 75

gaagtgcaac tgctggagtc cggtggtggt ctggtacage cgggtggtte tetgegtetg 60
agttgcegegyg ccagtggett taccttcact cagacttata tgagetgggt gegtcagget 120
ccgggcaaag gtcetggaatg ggttageaat atttetecga cttatagecac taccaactat 180
gecggatageg tgaaaggceg ttttaccatt tctegegaca acagcaagaa cacgetgtac 240
ctgcagatga actcactgeg tgccgaagat acggecgtgt attactgtge gagatacaac 300
gettatcaga ttgggttgga ctactgggge cagggaacce tggtcaccgt ctegagt 357

<210> SEQ ID NO 76

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-256-027
mAb2 VL domain

<400> SEQUENCE: 76

Glu Ile Val Leu Thr Gln Ser Pro Gly Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Ser Ser Ser
20 25 30

Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu

Ile Tyr Gly Ala Ser Ser Arg Ala Thr Gly Ile Pro Asp Arg Phe Ser
50 55 60

Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Arg Leu Glu
65 70 75 80

Pro Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Thr Val Pro Tyr Pro
85 90 95

Tyr Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> SEQ ID NO 77

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-256-027
mAb2 VL domain

<400> SEQUENCE: 77

gaaattgtge tgacccagte tccgggcacg ttatctetga gecctggtga gegegccact 60
ctgtcatgee gggcettcectca aagtgttage agtagctace tggegtggta tcagcaaaaa 120
cegggecagg ccccegegtet getgatttac ggtgcatcca gecgtgcecac cggcattcca 180
gatcgttttt cecggtagtgg ttctgggacg gacttcactce tgacaatctc acgectggaa 240
ccggaggatt ttgeggtgta ttactgecag caaactgtge cgtatccegta tacgttegge 300
caagggacca aggtggaaat caaa 324

<210> SEQ ID NO 78

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
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221 222

-continued

<220> FEATURE:
<223> OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-256-005
mAb2 VL domain

<400> SEQUENCE: 78

Glu Ile Val Leu Thr Gln Ser Pro Gly Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Ser Ser Ser
20 25 30

Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu

Ile Tyr Gly Ala Ser Ser Arg Ala Thr Gly Ile Pro Asp Arg Phe Ser
50 55 60

Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Arg Leu Glu
65 70 75 80

Pro Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Ala Leu Gly Tyr Pro
85 90 95

His Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> SEQ ID NO 79

<211> LENGTH: 324

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-256-005
mAb2 VL domain

<400> SEQUENCE: 79

gaaattgtge tgacccagte tccgggcacg ttatctetga gecctggtga gegegccact 60
ctgtcatgee gggcettcectca aagtgttage agtagctace tggegtggta tcagcaaaaa 120
cegggecagg ccccegegtet getgatttac ggtgcatcca gecgtgcecac cggcattcca 180
gatcgttttt cecggtagtgg ttctgggacg gacttcactce tgacaatctc acgectggaa 240
ccggaggatt ttgeggtgta ttactgecag caagetttgg gttatcctca tacgttegge 300
caagggacca aggtggaaat caaa 324

<210> SEQ ID NO 80

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-256-027
mAb2 LCDR3 (IMGT) and (Kabat)

<400> SEQUENCE: 80

Gln Gln Thr Val Pro Tyr Pro Tyr Thr
1 5

<210> SEQ ID NO 81

<211> LENGTH: 106

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: WT Fcab CH3 domain

<400> SEQUENCE: 81

Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp
1 5 10 15

Glu Leu Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe
20 25 30
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-continued

224

Tyr

Asn

Phe

65

Asn

Thr

<210>
<211>
<212>
<213>
<220>
<223>

Pro

Asn

50

Leu

Val

Gln

Ser

35

Tyr

Tyr

Phe

Lys

mAb2

Asp

Lys

Ser

Ser

Ser

100

PRT

<400> SEQUENCE:

Glu

1

Glu

Tyr

Ile

Gly

65

Pro

Asn

Ala

Gly

Ala

145

Gln

Ser

Tyr

Ser

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Ile

Arg

Leu

Tyr

50

Ser

Glu

Thr

Pro

Thr

130

Lys

Glu

Ser

Ala

Phe
210

Val

Ala

Ala

35

Gly

Gly

Asp

Phe

Ser

115

Ala

Val

Ser

Thr

Cys

195

Asn

mAb2

Leu

Thr

20

Trp

Ala

Ser

Phe

Gly

100

Val

Ser

Gln

Val

Leu

180

Glu

Arg

PRT

SEQUENCE :

Ile

Thr

Lys

Cys

85

Leu

SEQ ID NO 82
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

215

Thr

Leu

Tyr

Ser

Gly

Ala

85

Gln

Phe

Val

Trp

Thr

165

Thr

Val

Gly

SEQ ID NO 83
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-256-005

215

83

Ala

Thr

Leu

70

Ser

Ser

Gln

Ser

Gln

Ser

Thr

70

Val

Gly

Ile

Val

Lys

150

Glu

Leu

Thr

Glu

Val

Pro

55

Thr

Val

Leu

Glu

40

Pro

Val

Met

Ser

Trp

Val

Asp

His

Pro
105

Glu

Leu

Lys

Glu

90

Gly

light chain of

Ser

Cys

Gln

Arg

Asp

Tyr

Thr

Phe

Cys

135

Val

Gln

Ser

His

Cys
215

Pro

Arg

Lys

40

Ala

Phe

Tyr

Lys

Pro

120

Leu

Asp

Asp

Lys

Gln
200

Gly

Ala

25

Pro

Thr

Thr

Cys

Val

105

Pro

Leu

Asn

Ser

Ala

185

Gly

Thr

10

Ser

Gly

Gly

Leu

Gln

90

Glu

Ser

Asn

Ala

Lys

170

Asp

Leu

Ser

Asp

Ser

75

Ala

FS22-172-003-AA/FS28-256-001

Leu

Gln

Gln

Ile

Thr

75

Gln

Ile

Asp

Asn

Leu

155

Asp

Tyr

Ser

Asn
Ser
60

Arg

Leu

Ser

Ser

Ala

Pro

60

Ile

His

Lys

Glu

Phe

140

Gln

Ser

Glu

Ser

Gly
45
Asp

Trp

His

Leu

Val

Pro

45

Asp

Ser

Asn

Arg

Gln

125

Tyr

Ser

Thr

Lys

Pro
205

Gln

Gly

Gln

Asn

Ser

Ser

30

Arg

Arg

Arg

Gln

Thr

110

Leu

Pro

Gly

Tyr

His

190

Val

Pro

Ser

Gln

His
95

Pro

15

Ser

Leu

Phe

Leu

Tyr

95

Val

Lys

Arg

Asn

Ser

175

Lys

Thr

Glu

Phe

Gly

80

Tyr

Gly

Ser

Leu

Ser

Glu

80

Pro

Ala

Ser

Glu

Ser

160

Leu

Val

Lys
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225

-continued

226

Glu

Glu

Tyr

Ile

Gly

Pro

Ala

Gly

Ala

145

Gln

Ser

Tyr

Ser

<210>
<211>
<212>
<213>
<220>
<223>

Ile

Arg

Leu

Tyr

50

Ser

Glu

Thr

Pro

Thr

130

Lys

Glu

Ser

Ala

Phe
210

Val

Ala

Ala

35

Gly

Gly

Asp

Phe

Ser

115

Ala

Val

Ser

Thr

Cys

195

Asn

mAb2

Leu

Thr

20

Trp

Ala

Ser

Phe

Gly

100

Val

Ser

Gln

Val

Leu

180

Glu

Arg

PRT

<400> SEQUENCE:

Glu

1

Glu

Tyr

Ile

Gly

65

Pro

Tyr

Ala

Gly

Ile

Arg

Leu

Tyr

50

Ser

Glu

Thr

Pro

Thr

Val

Ala

Ala

35

Gly

Gly

Asp

Phe

Ser

115

Ala

Leu

Thr

20

Trp

Ala

Ser

Phe

Gly
100

Val

Ser

Thr

Leu

Tyr

Ser

Gly

Ala

85

Gln

Phe

Val

Trp

Thr

165

Thr

Val

Gly

SEQ ID NO 84
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-256-027

215

84

Thr

5

Leu

Tyr

Ser

Gly

Ala

85

Gln

Phe

Val

Gln

Ser

Gln

Ser

Thr

70

Val

Gly

Ile

Val

Lys

150

Glu

Leu

Thr

Glu

Gln

Ser

Gln

Ser

Thr

70

Val

Gly

Ile

Val

Ser Pro Gly Thr Leu Ser Leu Ser Pro
10 15

Cys Arg Ala Ser Gln Ser Val Ser Ser
25 30

Gln Lys Pro Gly Gln Ala Pro Arg Leu
40 45

Arg Ala Thr Gly Ile Pro Asp Arg Phe
55 60

Asp Phe Thr Leu Thr Ile Ser Arg Leu
75

Tyr Tyr Cys Gln Gln Ala Leu Gly Tyr
90 95

Thr Lys Val Glu Ile Lys Arg Thr Val
105 110

Phe Pro Pro Ser Asp Glu Gln Leu Lys
120 125

Cys Leu Leu Asn Asn Phe Tyr Pro Arg
135 140

Val Asp Asn Ala Leu Gln Ser Gly Asn
155

Gln Asp Ser Lys Asp Ser Thr Tyr Ser
170 175

Ser Lys Ala Asp Tyr Glu Lys His Lys
185 190

His Gln Gly Leu Ser Ser Pro Val Thr
200 205

Cys
215

Ser Pro Gly Thr Leu Ser Leu Ser Pro
10 15

Cys Arg Ala Ser Gln Ser Val Ser Ser

Gln Lys Pro Gly Gln Ala Pro Arg Leu
40 45

Arg Ala Thr Gly Ile Pro Asp Arg Phe
55 60

Asp Phe Thr Leu Thr Ile Ser Arg Leu
75

Tyr Tyr Cys Gln Gln Thr Val Pro Tyr
90 95

Thr Lys Val Glu Ile Lys Arg Thr Val
105 110

Phe Pro Pro Ser Asp Glu Gln Leu Lys
120 125

Cys Leu Leu Asn Asn Phe Tyr Pro Arg

Gly

Ser

Leu

Ser

Glu

80

Pro

Ala

Ser

Glu

Ser

160

Leu

Val

Lys

Gly

Ser

Leu

Ser

Glu

80

Pro

Ala

Ser

Glu
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-continued

228

Ala

145

Gln

Ser

Tyr

Ser

<210>
<211>
<212>
<213>
<220>
<223>

130

Lys

Glu

Ser

Ala

Phe
210

Val

Ser

Thr

Cys

195

Asn

Gln

Val

Leu

180

Glu

Arg

PRT

<400> SEQUENCE:

Glu

1

Glu

Tyr

Ile

Gly

65

Pro

Leu

Ala

Gly

Ala

145

Gln

Ser

Tyr

Ser

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Ile

Arg

Leu

Tyr

50

Ser

Glu

Thr

Pro

Thr

130

Lys

Glu

Ser

Ala

Phe
210

Val

Ala

Ala

35

Gly

Gly

Asp

Phe

Ser

115

Ala

Val

Ser

Thr

Cys

195

Asn

Leu

Thr

20

Trp

Ala

Ser

Phe

Gly

100

Val

Ser

Gln

Val

Leu

180

Glu

Arg

SEQUENCE :

Trp Lys
150

Thr Glu
165
Thr Leu

Val Thr

Gly Glu

SEQ ID NO 85
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

215

85

Thr Gln

Leu Ser

Tyr Gln

Ser Ser

Gly Thr

70

Ala Val
85

Gln Gly

Phe Ile

Val Val

Trp Lys

150
Thr Glu
165
Thr Leu

Val Thr

Gly Glu

SEQ ID NO 86
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-024 mAb2

645

86

135

Val

Gln

Ser

His

Cys
215

Ser

Cys

Gln

Arg

Asp

Tyr

Thr

Phe

Cys

135

Val

Gln

Ser

His

Cys
215

Asp

Asp

Lys

Gln
200

Pro

Arg

Lys

40

Ala

Phe

Tyr

Lys

Pro

120

Leu

Asp

Asp

Lys

Gln
200

Asn

Ser

Ala

185

Gly

Gly

Ala

25

Pro

Thr

Thr

Cys

Val

105

Pro

Leu

Asn

Ser

Ala

185

Gly

Ala
Lys
170

Asp

Leu

light chain of

Thr

10

Ser

Gly

Gly

Leu

Gln

90

Glu

Ser

Asn

Ala

Lys

170

Asp

Leu

Leu
155
Asp

Tyr

Ser

FS22-172-003-AA/FS28-024 mAb2

Leu

Gln

Gln

Ile

Thr

75

Gln

Ile

Asp

Asn

Leu

155

Asp

Tyr

Ser

140

Gln

Ser

Glu

Ser

Ser

Ser

Ala

Pro

60

Ile

Ala

Lys

Glu

Phe

140

Gln

Ser

Glu

Ser

Ser

Thr

Lys

Pro
205

Leu

Val

Pro

45

Asp

Ser

Ser

Arg

Gln

125

Tyr

Ser

Thr

Lys

Pro
205

Gly

Tyr

His

190

Val

Ser

Ser

30

Arg

Arg

Arg

Ser

Thr

110

Leu

Pro

Gly

Tyr

His

190

Val

Asn
Ser
175

Lys

Thr

Pro

15

Ser

Leu

Phe

Leu

Tyr

95

Val

Lys

Arg

Asn

Ser

175

Lys

Thr

Ser
160
Leu

Val

Lys

Gly

Ser

Leu

Ser

Glu

80

Pro

Ala

Ser

Glu

Ser

160

Leu

Val

Lys
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230

-continued
gaaattgtge tgacccagte tccgggcacg ttatctetga gecctggtga gegegccact 60
ctgtcatgee gggcettcectca aagtgttage agtagctace tggegtggta tcagcaaaaa 120
cegggecagg ccccegegtet getgatttac ggtgcatcca gecgtgcecac cggcattcca 180
gatcgttttt cecggtagtgg ttctgggacg gacttcactce tgacaatctc acgectggaa 240
ccggaggatt ttgeggtgta ttactgecag caagettett cttatcctet cacgttegge 300
caagggacca aggtggaaat caaacgtact gtggccgete ctagegtgtt catttttccg 360
ccatccgacg agcagctcaa gtccggeacce gectcegtgg tetgectget caacaactte 420
taccctegeg aagctaaggt ccagtggaag gtcgacaatg cectgcagte cggaaactcg 480
caggaaagcg tgactgaaca ggactccaag gactccacct attcactgte ctcgactcetg 540
accctgagca aggcggatta cgaaaagcac aaagtgtacyg catgcgaagt gacccaccag 600
ggtctttegt ccceccecgtgac caagagcettce aacagaggag agtgt 645

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 87
H: 215
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 87

Glu Ile Val
1

Glu Arg Ala
Tyr Leu Ala
35

Ile Tyr Gly
50

Gly Ser Gly
65

Pro Glu Asp

Ile Thr Phe

Ala Pro Ser

115

Gly Thr Ala
130

Ala Lys Val
145

Gln Glu Ser
Ser Ser Thr
Tyr Ala Cys

195
Ser Phe Asn

210

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Thr Gln Ser Pro

5

Thr Leu Ser Cys Arg

20

Trp Tyr Gln Gln Lys

40

Ala Ser Ser Arg Ala

55

Ser Gly Thr Asp Phe

70

Phe Ala Val Tyr Tyr

85

Gly Gln Gly Thr Lys

100

Val Phe Ile Phe Pro

120

Ser Val Val Cys Leu

135

Gln Trp Lys Val Asp
150

Val Thr Glu Gln Asp

165

Leu Thr Leu Ser Lys

180

Glu Val Thr His Gln

200

Arg Gly Glu Cys

D NO 88
H: 215
PRT

215

Gly

Ala

Pro

Thr

Thr

Cys

Val

105

Pro

Leu

Asn

Ser

Ala
185

Gly

<213> ORGANISM: Artificial Sequence

light chain of

Thr

10

Ser

Gly

Gly

Leu

Gln

90

Glu

Ser

Asn

Ala

Lys

170

Asp

Leu

FS22-172-003-AA/FS28-026 mAb2

Leu

Gln

Gln

Ile

Thr

75

Gln

Ile

Asp

Asn

Leu

155

Asp

Tyr

Ser

Ser Leu Ser
Ser Val Ser
30

Ala Pro Arg
45

Pro Asp Arg
60

Ile Ser Arg

Tyr Ser Ser

Lys Arg Thr

110

Glu Gln Leu
125

Phe Tyr Pro
140

Gln Ser Gly

Ser Thr Tyr

Glu Lys His
190

Ser Pro Val
205

Pro Gly
15

Ser Ser

Leu Leu

Phe Ser

Leu Glu
80

Tyr Pro
95

Val Ala

Lys Ser

Arg Glu

Asn Ser

160

Ser Leu
175

Lys Val

Thr Lys
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231 232

-continued

<220> FEATURE:
<223> OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-091 mAb2

<400> SEQUENCE: 88

Glu Ile Val Leu Thr Gln Ser Pro Gly Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Ser Ser Ser
20 25 30

Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu

Ile Tyr Gly Ala Ser Ser Arg Ala Thr Gly Ile Pro Asp Arg Phe Ser
50 55 60

Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Arg Leu Glu
65 70 75 80

Pro Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Tyr Ser Ser Ser Pro
85 90 95

Phe Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala
100 105 110

Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser
115 120 125

Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu
130 135 140

Ala Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser
145 150 155 160

Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu
165 170 175

Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val
180 185 190

Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys
195 200 205

Ser Phe Asn Arg Gly Glu Cys
210 215

<210> SEQ ID NO 89

<211> LENGTH: 216

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-185 mAb2

<400> SEQUENCE: 89

Glu Ile Val Leu Thr Gln Ser Pro Gly Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Ser Ser Ser
20 25 30

Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu
35 40 45

Ile Tyr Gly Ala Ser Ser Arg Ala Thr Gly Ile Pro Asp Arg Phe Ser
50 55 60

Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Arg Leu Glu
65 70 75 80

Pro Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Ser Ser Tyr Ser Ala
85 90 95

Pro Val Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Thr Val
100 105 110

Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys
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-continued

234

115

Ser Gly Thr
130

Glu Ala Lys
145

Ser Gln Glu
Leu Ser Ser
Val Tyr Ala

195
Lys Ser Phe

210

<210> SEQ I
<211> LENGT.
<212> TYPE:

120

Ala Ser Val Val Cys

135

Val Gln Trp Lys Val
150

Ser Val Thr Glu Gln

165

Thr Leu Thr Leu Ser

180

Cys Glu Val Thr His

200

Asn Arg Gly Glu Cys

D NO 90
H: 645
DNA

215

Leu Leu Asn
Asp Asn Ala
155

Asp Ser Lys
170

Lys Ala Asp
185

Gln Gly Leu

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-256-005

mAb2

RE:

<400> SEQUENCE: 90

gaaattgtge
ctgtcatgee
ccgggecagy
gategttttt
ccggaggatt
caagggacca
cccagtgatg
taccccagag
caggaatccg
acactgagca
ggccttaget
<210> SEQ I

<211> LENGT.
<212> TYPE:

tgacccagte
gggcttcetea
ccecegegtet
cecggtagtgg
ttgcggtgta
aggtggaaat
agcagctgaa
aagccaaagt
tcacagagca
aagccgatta
caccagtgac
D NO 91

H: 645
DNA

tcegggcacy
aagtgttage
getgatttac
ttctgggacy
ttactgccag
caaacgtact
gtcaggtact
ccagtggaaa
ggactctaag
cgagaagcac

caagagctte

ttatctctga
agtagctacc
ggtgcatcca
gacttcacte
caagctttygg
gtagcagctce
getteegtygy
gtggacaatg
gactccacct
aaggtgtatg

aataggggag

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-256-027

mAb2

RE:

<400> SEQUENCE: 91

gaaattgtge

ctgtcatgee

ccgggcecagyg

gatcgttttt

ccggaggatt

caagggacca

ccatcegacy

taccctegeg

tgacccagte

gggcttcetea

ccecegegtet

ccggtagtgg

ttgcggtgta

aggtggaaat

agcagctcaa

aagctaaggt

tcegggcacy

aagtgttage

getgatttac

ttctgggacy

ttactgccag

caaacgtact

gtceggecace

ccagtggaag

ttatctctga

agtagctacc

ggtgcatcca

gacttcacte

caaactgtge

gtggcegete

gecteegtygyg

gtcgacaatg

125

Asn Phe Tyr
140

Leu Gln Ser

Asp Ser Thr

Tyr Glu Lys

190

Ser Ser Pro
205

gecetggtga
tggcgtggta
geegtgecac
tgacaatctce
gttatcctca
ctteegtgtt
tttgectget
cgttgcaaag
atagcctcete
cctgtgaggt

aatgce

gecetggtga
tggcgtggta
geegtgecac
tgacaatctce
cgtatccgta
ctagcgtgtt
tctgectget

ccctgeagte

Pro Arg

Gly Asn
160

Tyr Ser
175

His Lys

Val Thr

gegegecact
tcagcaaaaa
cggcatteca
acgcctggaa
tacgttcgge
catcttteeg
caacaacttt
cgggaactct
tagtacgctyg

tacccatcaa

gegegecact
tcagcaaaaa
cggcatteca
acgcctggaa
tacgttcgge
catttttceg
caacaacttce

cggaaactcg

60

120

180

240

300

360

420

480

540

600

645

60

120

180

240

300

360

420

480
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235

-continued

236

caggaaagcg tgactgaaca ggactccaag gactccacct attcactgte ctcegactcetg
accctgagca aggcggatta cgaaaagcac aaagtgtacg catgcgaagt gacccaccag

ggtctttegt ccccegtgac caagagette aacagaggag agtgt

<210> SEQ ID NO 92

<211> LENGTH: 450

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024 mAb2
without LALA

<400> SEQUENCE: 92

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Leu Ser Tyr Ser
20 25 30

Ser Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Phe Ile Thr Pro Ser Thr Gly Tyr Thr His Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Arg Ala Leu Thr Phe Asp Tyr Trp Gly Gln Gly Thr Leu Val
100 105 110

Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala
115 120 125

Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu
130 135 140

Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly
145 150 155 160

Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser
165 170 175

Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu
180 185 190

Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr
195 200 205

Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr
210 215 220

Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe
225 230 235 240

Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro
245 250 255

Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val
260 265 270

Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr
275 280 285

Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val
290 295 300

Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys
305 310 315 320

Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser

540

600

645
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-continued

238

Lys Ala Lys
Ser Arg Asp
355

Leu Thr Cys
370

Trp Glu Ser
385

Val Leu Asp

Gly Ala Asp

His Glu Ala
435

Pro Gly
450

<210> SEQ I
<211> LENGT.
<212> TYPE:

325

Gly Gln Pro Arg Glu

340

Glu Leu Pro Tyr Ile

360

Leu Val Lys Gly Phe

375

Asn Gly Gln Pro Glu
390

Ser Asp Gly Ser Phe

405

Arg Trp Leu Glu Gly

420

Leu His Asn His Tyr

D NO 93
H: 1350
DNA

440

330

Pro Gln Val
345

Ile Pro Pro

Tyr Pro Ser

Asn Asn Tyr

395

Phe Leu Tyr
410

Asn Val Phe
425

Thr Gln Lys

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Tyr Thr Leu
350

Tyr Asn Gln
365

Asp Ile Ala
380

Lys Thr Thr

Ser Lys Leu

Ser Cys Ser
430

Ser Leu Ser
445

335

Pro Pro

Val Ser

Val Glu

Pro Pro

400

Thr Val
415

Val Met

Leu Ser

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024 mAb2

witho

<400> SEQUE:

gaagtgcaac

agttgcgegg

ccgggcaaag

gecggatageg

ctgcagatga

ctgacgtteg

ggCCCgthg

ctgggetgec

geectgaccet

ttgtcctecyg

gtcaaccata

aagactcaca

ctecttecege

gtggtggtgg

gtggaagtge

gtggtgteccg

aaagtgtcca

cagcctegag

atcccaccat

atcgecegtygyg

gtgctggact

ut LALA

NCE: 93

tgctggagte

ccagtggett

gtctggaatyg

tgaaaggcceg

actcactgeg

actactgggyg

tgttceceget

ttgtgaagga

ccggagtgea

tggtcaccgt

agccctegaa

cttgeceegec

ccaagccgaa

acgtgtccca

acaacgccaa

tgctcactgt

acaaggcgcet

aaccacaggt

acaaccaggt

agtgggagag

ccgacggete

cggtggtgge

taccctcagt

ggttagettt

ttttaccatt

tgccgaagat

ccagggaacc

ggccccateyg

ttactttcce

tactttececeg

ceccttegtec

caccaaggtc

ttgcccagee

ggataccctyg

cgaggaccceg

gaccaagcca

getgcaccaa

gectgeccca

gtacaccctyg

cagcctgace

caatgggcag

cttecttecte

ctggtacage

tattcttcta

attactcegt

tctegegaca

acggcegtgt

ttggtcaccy

tccaagagca

gagccegtcea

getgtgette

tcecectgggea

gacaagaagg

ccggaactge

atgatctcac

gaagtgaaat

cgggaagaac

gactggctga

attgagaaaa

cceccecatece

tgcctggtea

ccggagaaca

tacagcaagc

cgggtggttc

tgtcatgggt

ctactggceta

acagcaagaa

attactgtge

tctegagtge

catcaggggg

cagtgtectyg

agtcctetygyg

cccagaccta

tcgagecgaa

tgggtggtcc

ggaccccega

tcaattggta

agtacaactc

acgggaagga

ctatctcgaa

gggatgagct

aaggcttcta

actacaagac

tcaccgtggy

tctgegtety

gegtcagget

tacccactat

cacgctgtac

gagacgggcg

tagcactaag

taccgecgee

gaacagcgga

cctgtactca

tatctgtaat

gtegtgegac

tteggtgtte

agtgacctgt

cgtggatgga

tacctaccge

gtacaagtgce

agccaaggga

gccatacate

tcccagegac

cacgecetece

cgcagatagg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260
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US 12,319,739 B2

-continued

240

tggctggaag ggaacgtett ctecatgetee gtgatgeatg aggegetgca caaccactac

actcagaaga gcttgteect gtegeceggt

<210>
<211>
<212>
<213>
<220>
<223>

PRT

with LALA

<400> SEQUENCE:

Glu

1

Ser

Ser

Ser

Lys

65

Leu

Ala

Thr

Pro

145

Ala

Gly

Gly

Lys

Cys

225

Leu

Glu

Lys

Lys

Leu
305

Lys

Lys

Val

Leu

Met

Phe

50

Gly

Gln

Arg

Val

Ser

130

Lys

Leu

Leu

Thr

Val

210

Pro

Phe

Val

Phe

Pro
290
Thr

Val

Ala

Gln

Arg

Ser

35

Ile

Arg

Met

Arg

Ser

115

Ser

Asp

Thr

Tyr

Gln

195

Asp

Pro

Pro

Thr

Asn

275

Arg

Val

Ser

Lys

Leu

Leu

20

Trp

Thr

Phe

Asn

Ala

100

Ser

Lys

Tyr

Ser

Ser

180

Thr

Lys

Cys

Pro

Cys

260

Trp

Glu

Leu

Asn

Gly

SEQ ID NO 94
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: heavy chain of

450

Leu

Ser

Val

Pro

Thr

Ser

85

Leu

Ala

Ser

Phe

Gly

165

Leu

Tyr

Lys

Pro

Lys

245

Val

Tyr

Glu

His

Lys

325

Gln

Glu

Cys

Arg

Ser

Ile

70

Leu

Thr

Ser

Thr

Pro

150

Val

Ser

Ile

Val

Ala

230

Pro

Val

Val

Gln

Gln
310

Ala

Pro

Ser

Ala

Gln

Thr

55

Ser

Arg

Phe

Thr

Ser

135

Glu

His

Ser

Cys

Glu

215

Pro

Lys

Val

Asp

Tyr

295

Asp

Leu

Arg

Gly

Ala

Ala

40

Gly

Arg

Ala

Asp

Lys

120

Gly

Pro

Thr

Val

Asn

200

Pro

Glu

Asp

Asp

Gly

280

Asn

Trp

Pro

Glu

Gly

Ser

25

Pro

Tyr

Asp

Glu

Tyr

105

Gly

Gly

Val

Phe

Val

185

Val

Lys

Ala

Thr

Val

265

Val

Ser

Leu

Ala

Pro

Gly

10

Gly

Gly

Thr

Asn

Asp

90

Trp

Pro

Thr

Thr

Pro

170

Thr

Asn

Ser

Ala

Leu

250

Ser

Glu

Thr

Asn

Pro
330

Gln

1320

1350

FS22-172-003-AA/FS28-024 mAb2

Leu

Phe

Lys

His

Ser

75

Thr

Gly

Ser

Ala

Val

155

Ala

Val

His

Cys

Gly

235

Met

His

Val

Tyr

Gly

315

Ile

Val

Val

Thr

Gly

Tyr

60

Lys

Ala

Gln

Val

Ala

140

Ser

Val

Pro

Lys

Asp

220

Gly

Ile

Glu

His

Arg

300

Lys

Glu

Tyr

Gln

Leu

Leu

45

Ala

Asn

Val

Gly

Phe

125

Leu

Trp

Leu

Ser

Pro

205

Lys

Pro

Ser

Asp

Asn

285

Val

Glu

Lys

Thr

Pro

Ser

30

Glu

Asp

Thr

Tyr

Thr

110

Pro

Gly

Asn

Gln

Ser

190

Ser

Thr

Ser

Arg

Pro

270

Ala

Val

Tyr

Thr

Leu

Gly

15

Tyr

Trp

Ser

Leu

Tyr

95

Leu

Leu

Cys

Ser

Ser

175

Ser

Asn

His

Val

Thr

255

Glu

Lys

Ser

Lys

Ile
335

Pro

Gly

Ser

Val

Val

Tyr

80

Cys

Val

Ala

Leu

Gly

160

Ser

Leu

Thr

Thr

Phe

240

Pro

Val

Thr

Val

Cys
320

Ser

Pro



241

US 12,319,739 B2

-continued

242

Ser Arg Asp
355

Leu Thr Cys
370

Trp Glu Ser
385

Val Leu Asp

Gly Ala Asp

His Glu Ala
435

Pro Gly
450

<210> SEQ I
<211> LENGT.
<212> TYPE:

340

Glu Leu Pro Tyr Ile

360

Leu Val Lys Gly Phe

375

Asn Gly Gln Pro Glu
390

Ser Asp Gly Ser Phe

405

Arg Trp Leu Glu Gly

420

Leu His Asn His Tyr

D NO 95
H: 1350
DNA

440

345

Ile

Tyr

Asn

Phe

Asn

425

Thr

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Pro

Pro

Asn

Leu

410

Val

Gln

Pro

Ser

Tyr

395

Tyr

Phe

Lys

350

Tyr Asn Gln
365

Asp Ile Ala
380

Lys Thr Thr

Ser Lys Leu

Ser Cys Ser
430

Ser Leu Ser
445

Val Ser

Val Glu

Pro Pro
400

Thr Val
415

Val Met

Leu Ser

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024 mAb2

with

<400> SEQUE:

gaagtgcaac

agttgcgegg

ccgggcaaag

gecggatageg

ctgcagatga

ctgacgtteg

ggCCCgthg

ctgggetgec

geectgaccet

ttgtcctecyg

gtcaaccata

aagactcaca

ctecttecege

gtggtggtgg

gtggaagtge

gtggtgteccg

aaagtgtcca

cagcctegag

atcccaccat

atcgecegtygyg

gtgctggact

tggctggaag

actcagaaga

LALA

NCE: 95

tgctggagte

ccagtggett

gtctggaatyg

tgaaaggcceg

actcactgeg

actactgggyg

tgttceceget

ttgtgaagga

ccggagtgea

tggtcaccgt

agccctegaa

cttgeceegec

ccaagccgaa

acgtgtccca

acaacgccaa

tgctcactgt

acaaggcgcet

aaccacaggt

acaaccaggt

agtgggagag

ccgacggete

ggaacgtett

gettgteect

cggtggtgge

taccctcagt

ggttagettt

ttttaccatt

tgccgaagat

ccagggaacc

ggccccateyg

ttactttcce

tactttececeg

ceccttegtec

caccaaggtc

ttgcccagee

ggataccctyg

cgaggaccceg

gaccaagcca

getgcaccaa

gectgeccca

gtacaccctyg

cagcctgace

caatgggcag

cttecttecte

ctcatgetee

gtegeceggt

ctggtacage

tattcttcta

attactcegt

tctegegaca

acggcegtgt

ttggtcaccy

tccaagagca

gagccegtcea

getgtgette

tcecectgggea

gacaagaagg

ccggaagetyg

atgatctcac

gaagtgaaat

cgggaagaac

gactggctga

attgagaaaa

cceccecatece

tgcctggtea

ccggagaaca

tacagcaagc

gtgatgcatg

cgggtggttc

tgtcatgggt

ctactggceta

acagcaagaa

attactgtge

tctegagtge

catcaggggg

cagtgtectyg

agtcctetygyg

cccagaccta

tcgagecgaa

ceggtggtec

ggaccccega

tcaattggta

agtacaactc

acgggaagga

ctatctcgaa

gggatgagct

aaggcttcta

actacaagac

tcaccgtggy

aggcgcetgea

tctgegtety

gegtcagget

tacccactat

cacgctgtac

gagacgggcg

tagcactaag

taccgecgee

gaacagcgga

cctgtactca

tatctgtaat

gtegtgegac

tteggtgtte

agtgacctgt

cgtggatgga

tacctaccge

gtacaagtgce

agccaaggga

gccatacate

tcccagegac

cacgecetece

cgcagatagg

caaccactac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1350
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US 12,319,739 B2

-continued

244

<210>
<211>
<212>
<213>
<220>
<223>

PRT

SEQ ID NO 96
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: heavy chain of

450

mAb2 without LALA

<400> SEQUENCE:

Glu Val Gln Leu

1

Ser

Ser

Ser

Lys

65

Leu

Ala

Thr

Pro

145

Ala

Gly

Gly

Lys

Cys

225

Leu

Glu

Lys

Lys

Leu
305
Lys

Lys

Ser

Leu

Met

Phe

50

Gly

Gln

Arg

Val

Ser

130

Lys

Leu

Leu

Thr

Val

210

Pro

Phe

Val

Phe

Pro

290

Thr

Val

Ala

Arg

Arg

Ser

35

Ile

Arg

Met

Arg

Ser

115

Ser

Asp

Thr

Tyr

Gln

195

Asp

Pro

Pro

Thr

Asn

275

Arg

Val

Ser

Lys

Asp

Leu

20

Trp

Thr

Phe

Asn

Ala

100

Ser

Lys

Tyr

Ser

Ser

180

Thr

Lys

Cys

Pro

Cys

260

Trp

Glu

Leu

Asn

Gly
340

Glu

96

Leu Glu

Ser Cys

Val Arg

Pro Ser

Thr Ile

Ser Leu

85

Leu Ile

Ala Ser

Ser Thr

Phe Pro

150

Gly Val
165

Leu Ser

Tyr Ile

Lys Val

Pro Ala
230

Lys Pro
245

Val Val

Tyr Val

Glu Gln

His Gln

310

Lys Ala
325

Gln Pro

Leu Pro

Ser

Ala

Gln

Thr

55

Ser

Arg

Phe

Thr

Ser

135

Glu

His

Ser

Cys

Glu

215

Pro

Lys

Val

Asp

Tyr

295

Asp

Leu

Arg

Tyr

Gly

Ala

Ala

40

Gly

Arg

Ala

Asp

Lys

120

Gly

Pro

Thr

Val

Asn

200

Pro

Glu

Asp

Asp

Gly

280

Asn

Trp

Pro

Glu

Ile

Gly

Ser

25

Pro

Tyr

Asp

Glu

Tyr

105

Gly

Gly

Val

Phe

Val

185

Val

Lys

Leu

Thr

Val

265

Val

Ser

Leu

Ala

Pro
345

Ile

Gly

Gly

Gly

Thr

Asn

Asp

90

Trp

Pro

Thr

Thr

Pro

170

Thr

Asn

Ser

Leu

Leu

250

Ser

Glu

Thr

Asn

Pro
330

Gln

Pro

FS22-172-003-AA/FS28-024-051

Leu

Phe

Lys

His

Ser

75

Thr

Gly

Ser

Ala

Val

155

Ala

Val

His

Cys

Gly

235

Met

His

Val

Tyr

Gly

315

Ile

Val

Pro

Val

Thr

Gly

Tyr

60

Lys

Ala

Gln

Val

Ala

140

Ser

Val

Pro

Lys

Asp

220

Gly

Ile

Glu

His

Arg

300

Lys

Glu

Tyr

Tyr

Gln

Leu

Leu

45

Ala

Asn

Val

Gly

Phe

125

Leu

Trp

Leu

Ser

Pro

205

Lys

Pro

Ser

Asp

Asn

285

Val

Glu

Lys

Thr

Asn

Pro

Ser

30

Glu

Asp

Thr

Tyr

Thr

110

Pro

Gly

Asn

Gln

Ser

190

Ser

Thr

Ser

Arg

Pro

270

Ala

Val

Tyr

Thr

Leu
350

Gln

Gly

Tyr

Trp

Ser

Leu

Tyr

95

Leu

Leu

Cys

Ser

Ser

175

Ser

Asn

His

Val

Thr

255

Glu

Lys

Ser

Lys

Ile
335

Pro

Val

Gly

Ser

Val

Val

Tyr

80

Cys

Val

Ala

Leu

Gly

160

Ser

Leu

Thr

Thr

Phe

240

Pro

Val

Thr

Val

Cys
320
Ser

Pro

Ser



245

US 12,319,739 B2

-continued

246

355

Leu Thr Cys
370

Trp Glu Ser
385

Val Leu Asp
Gly Ala Asp
His Glu Ala

435
Pro Gly

450

<210> SEQ I
<211> LENGT.
<212> TYPE:

360

Leu Val Lys Gly Phe

375

Asn Gly Gln Pro Glu
390

Ser Asp Gly Ser Phe

405

Arg Trp Leu Glu Gly

420

Leu His Asn His Tyr

D NO 97
H: 1350
DNA

440

Tyr Pro Ser
Asn Asn Tyr
395

Phe Leu Tyr
410

Asn Val Phe
425

Thr Gln Lys

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024-051

RE:

mAb2 without LALA

<400> SEQUE:

gaagtgcaac

agttgcgegg

ccgggcaaag

gecggatageg

ctgcagatga

ctgatttteg

ggCCCgthg

ctgggetgec

geectgaccet

ttgtcctecyg

gtcaaccata

aagactcaca

ctecttecege

gtggtggtgg

gtggaagtge

gtggtgteccg

aaagtgtcca

cagcctegag

atcccaccat

atcgecegtygyg

gtgctggact

tggctggaag

actcagaaga

<210> SEQ I

NCE: 97

tgctggagte

ccagtggett

gtctggaatyg

tgaaaggcceg

actcactgeg

actactgggyg

tgttceceget

ttgtgaagga

ccggagtgea

tggtcaccgt

agccctegaa

cttgeceegec

ccaagccgaa

acgtgtccca

acaacgccaa

tgctcactgt

acaaggcgcet

aaccacaggt

acaaccaggt

agtgggagag

ccgacggete

ggaacgtett

gettgteect

D NO 98

cggtggtgge

taccctcagt

ggttagettt

ttttaccatt

tgccgaagat

ccagggaacc

ggccccateyg

ttactttcce

tactttececeg

ceccttegtec

caccaaggtc

ttgcccagee

ggataccctyg

cgaggaccceg

gaccaagcca

getgcaccaa

gectgeccca

gtacaccctyg

cagcctgace

caatgggcag

cttecttecte

ctcatgetee

gtegeceggt

ctggtacage

tattcttcta

attactcegt

tctegegaca

acggcegtgt

ctggtcacceyg

tccaagagca

gagccegtcea

getgtgette

tcecectgggea

gacaagaagg

ccggaactge

atgatctcac

gaagtgaaat

cgggaagaac

gactggctga

attgagaaaa

cceccecatece

tgcctggtea

ccggagaaca

tacagcaagc

gtgatgcatg

365

Asp Ile Ala
380

Lys Thr Thr

Ser Lys Leu

Ser Cys Ser

430

Ser Leu Ser
445

cgggtggttc

tgtcatgggt
ctactggceta
acagcaagaa
attactgtge
tctegagtge
catcaggggy
cagtgtectyg
agtcctetygyg
cccagaccta
tcgagecgaa
tgggtggtce
ggaccccega
tcaattggta
agtacaactc
acgggaagga
ctatctcgaa
gggatgagcet
aaggcttcta

actacaagac

tcaccgtggy

aggcgcetgea

Val Glu

Pro Pro

400

Thr Val
415

Val Met

Leu Ser

tctgegtety

gegtcagget

tacccactat

cacgctgtac

gagacgggcg

tagcactaag

taccgecgee

gaacagcgga

cctgtactca

tatctgtaat

gtegtgegac

tteggtgtte

agtgacctgt

cgtggatgga

tacctaccge

gtacaagtgce

agccaaggga

gccatacate

tcccagegac

cacgecetece

cgcagatagg

caaccactac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1350



US 12,319,739 B2
247 248

-continued

<211> LENGTH: 450

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024-051
mAb2 with LALA

<400> SEQUENCE: 98

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Leu Ser Tyr Ser
20 25 30

Ser Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Phe Ile Thr Pro Ser Thr Gly Tyr Thr His Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
Ala Arg Arg Ala Leu Ile Phe Asp Tyr Trp Gly Gln Gly Thr Leu Val
100 105 110

Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala
115 120 125

Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu
130 135 140

Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly
145 150 155 160

Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser
165 170 175

Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu
180 185 190

Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr
195 200 205

Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr
210 215 220

Cys Pro Pro Cys Pro Ala Pro Glu Ala Ala Gly Gly Pro Ser Val Phe
225 230 235 240

Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro
245 250 255

Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val
260 265 270

Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr
275 280 285

Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val
290 295 300

Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys
305 310 315 320

Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser
325 330 335

Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro
340 345 350

Ser Arg Asp Glu Leu Pro Tyr Ile Ile Pro Pro Tyr Asn Gln Val Ser
355 360 365

Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu



249

US 12,319,739 B2

-continued

250

370

Trp Glu Ser
385

Val Leu Asp
Gly Ala Asp
His Glu Ala

435
Pro Gly

450

<210> SEQ I
<211> LENGT.
<212> TYPE:

375

Asn Gly Gln Pro Glu Asn Asn Tyr
390

Ser Asp Gly Ser Phe

405

395

Phe Leu Tyr
410

Arg Trp Leu Glu Gly Asn Val Phe

420

Leu His Asn His Tyr

D NO 99
H: 1350
DNA

440

425

Thr Gln Lys

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024-051

mAb2

<400> SEQUE:

gaagtgcaac

agttgcgegg

ccgggcaaag

gecggatageg

ctgcagatga

ctgatttteg

ggCCCgthg

ctgggetgec

geectgaccet

ttgtcctecyg

gtcaaccata

aagactcaca

ctecttecege

gtggtggtgg

gtggaagtge

gtggtgteccg

aaagtgtcca

cagcctegag

atcccaccat

atcgecegtygyg

gtgctggact

tggctggaag
actcagaaga

<210> SEQ I

<211> LENGT.
<212> TYPE:

RE:

with LALA

NCE: 99

tgctggagte

ccagtggett

gtctggaatyg

tgaaaggcceg

actcactgeg

actactgggyg

tgttceceget

ttgtgaagga

ccggagtgea

tggtcaccgt

agccctegaa

cttgeceegec

ccaagccgaa

acgtgtccca

acaacgccaa

tgctcactgt

acaaggcgcet

aaccacaggt

acaaccaggt

agtgggagag

ccgacggete

ggaacgtett

gettgteect

D NO 100

H: 450
PRT

cggtggtgge
taccctcagt
ggttagettt
ttttaccatt
tgccgaagat
ccagggaacc
ggccccateyg
ttactttcce
tactttececeg
ceccttegtec
caccaaggtc
ttgcccagee
ggataccctyg
cgaggaccceg
gaccaagcca
getgcaccaa
gectgeccca
gtacaccctyg
cagcctgace

caatgggcag

cttecttecte

ctcatgetee

gtegeceggt

ctggtacage

tattcttcta

attactcegt

tctegegaca

acggcegtgt

ctggtcacceyg

tccaagagca

gagccegtcea

getgtgette

tcecectgggea

gacaagaagg

ccggaagetyg

atgatctcac

gaagtgaaat

cgggaagaac

gactggctga

attgagaaaa

cceccecatece

tgcctggtea

ccggagaaca

tacagcaagc

gtgatgcatg

<213> ORGANISM: Artificial Sequence

380

Lys

Ser

Ser

Ser

Thr

Lys

Cys

Leu
445

Thr

Leu

Ser

430

Ser

cgggtggttc

tgtcatgggt

ctactggceta

acagcaagaa

attactgtge

tctegagtge

catcaggggg

cagtgtectyg

agtcctetygyg

cccagaccta

tcgagecgaa

ceggtggtec

ggaccccega

tcaattggta

agtacaactc

acgggaagga

ctatctcgaa

gggatgagct

aaggcttcta

actacaagac

tcaccgtggy

aggcgcetgea

Pro Pro
400

Thr Val
415

Val Met

Leu Ser

tctgegtety

gegtcagget

tacccactat

cacgctgtac

gagacgggcg

tagcactaag

taccgecgee

gaacagcgga

cctgtactca

tatctgtaat

gtegtgegac

tteggtgtte

agtgacctgt

cgtggatgga

tacctaccge

gtacaagtgce

agccaaggga

gccatacate

tcccagegac

cacgecetece

cgcagatagg

caaccactac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1350



US 12,319,739 B2
251 252

-continued

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024-052
mAb2 without LALA

<400> SEQUENCE: 100

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Leu Ser Tyr Ser
20 25 30

Ser Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Phe Ile Thr Pro Ser Thr Gly Tyr Thr His Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Arg Ala Leu Leu Phe Asp Tyr Trp Gly Gln Gly Thr Leu Val
100 105 110

Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala
115 120 125

Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu
130 135 140

Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly
145 150 155 160

Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser
165 170 175

Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu
180 185 190

Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr
195 200 205

Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr
210 215 220

Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe
225 230 235 240

Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro
245 250 255

Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val
260 265 270

Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr
275 280 285

Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val
290 295 300

Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys
305 310 315 320

Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser
325 330 335

Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro
340 345 350

Ser Arg Asp Glu Leu Pro Tyr Ile Ile Pro Pro Tyr Asn Gln Val Ser
355 360 365

Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu
370 375 380

Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro



253

US 12,319,739 B2

-continued

254

385

Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys

390

405

395

410

Gly Ala Asp Arg Trp Leu Glu Gly Asn Val Phe Ser Cys Ser

420

425

His Glu Ala Leu His Asn His Tyr Thr Gln Lys

435

Pro Gly
450

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 101
H: 1350
DNA

440

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024-052

mAb2 without LALA

<400> SEQUE:

gaagtgcaac

agttgcgegg

ccgggcaaag

gecggatageg

ctgcagatga

ctgctttteg

ggCCCgthg

ctgggetgec

geectgaccet

ttgtcctecyg

gtcaaccata

aagactcaca

ctecttecege

gtggtggtgg

gtggaagtge

gtggtgteccg

aaagtgtcca

cagcctegag

atcccaccat

atcgecegtygyg

gtgctggact

tggctggaag
actcagaaga

<210> SEQ I

<211> LENGT.
<212> TYPE:

NCE: 101

tgctggagte

ccagtggett

gtctggaatyg

tgaaaggcceg

actcactgeg

actactgggyg

tgttceceget

ttgtgaagga

ccggagtgea

tggtcaccgt

agccctegaa

cttgeceegec

ccaagccgaa

acgtgtccca

acaacgccaa

tgctcactgt

acaaggcgcet

aaccacaggt

acaaccaggt

agtgggagag

ccgacggete

ggaacgtett

gettgteect

D NO 102

H: 450
PRT

cggtggtgge

taccctcagt

ggttagettt

ttttaccatt

tgccgaagat

ccagggaacc

ggccccateyg

ttactttcce

tactttececeg

ceccttegtec

caccaaggtc

ttgcccagee

ggataccctyg

cgaggaccceg

gaccaagcca

getgcaccaa

gectgeccca

gtacaccctyg

cagcctgace

caatgggcag

cttecttecte

ctcatgetee

gtegeceggt

ctggtacage

tattcttcta

attactcegt

tctegegaca

acggcegtgt

ctggtcacceyg

tccaagagca

gagccegtcea

getgtgette

tcecectgggea

gacaagaagg

ccggaactge

atgatctcac

gaagtgaaat

cgggaagaac

gactggctga

attgagaaaa

cceccecatece

tgcctggtea

ccggagaaca

tacagcaagc

gtgatgcatg

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024-052

mAb2

with LALA

430

Ser Leu Ser
445

cgggtggtte
tgtcatgggt
ctactggceta
acagcaagaa
attactgtge
tctegtegge
catcaggggy
cagtgtectyg
agtcctetygyg
cccagaccta
tcgagecgaa
tgggtggtce
ggaccccega
tcaattggta
agtacaactc
acgggaagga
ctatctcgaa
gggatgaget
aaggcttcta

actacaagac

tcaccgtggy

aggcgcetgea

400

Leu Thr Val

415

Val Met

Leu Ser

tctgegtety

gegtcagget

tacccactat

cacgctgtac

gagacgggcg

tagcactaag

taccgecgee

gaacagcgga

cctgtactca

tatctgtaat

gtegtgegac

tteggtgtte

agtgacctgt

cgtggatgga

tacctaccge

gtacaagtgce

agccaaggga

gccatacate

tcccagegac

cacgecetece

cgcagatagg

caaccactac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1350



US 12,319,739 B2
255 256

-continued

<400> SEQUENCE: 102

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Leu Ser Tyr Ser
20 25 30

Ser Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Phe Ile Thr Pro Ser Thr Gly Tyr Thr His Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Arg Ala Leu Leu Phe Asp Tyr Trp Gly Gln Gly Thr Leu Val
100 105 110

Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala
115 120 125

Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu
130 135 140

Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly
145 150 155 160

Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser
165 170 175

Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu
180 185 190

Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr
195 200 205

Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr
210 215 220

Cys Pro Pro Cys Pro Ala Pro Glu Ala Ala Gly Gly Pro Ser Val Phe
225 230 235 240

Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro
245 250 255

Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val
260 265 270

Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr
275 280 285

Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val
290 295 300

Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys
305 310 315 320

Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser
325 330 335

Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro
340 345 350

Ser Arg Asp Glu Leu Pro Tyr Ile Ile Pro Pro Tyr Asn Gln Val Ser
355 360 365

Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu
370 375 380

Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro
385 390 395 400

Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val
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US 12,319,739 B2

-continued

258

405

410

415

Gly Ala Asp Arg Trp Leu Glu Gly Asn Val Phe Ser Cys Ser Val Met

420

425

430

His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser

435

Pro Gly
450

<210> SEQ ID NO 103
<211> LENGTH: 1350

<212> TYPE:

DNA

440

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024-052

mAb2

with LALA

<400> SEQUENCE: 103

gaagtgcaac

agttgcgegg

ccgggcaaag

gecggatageg

ctgcagatga

ctgctttteg

ggCCCgthg

ctgggetgec

geectgaccet

ttgtcctecyg

gtcaaccata

aagactcaca

ctecttecege

gtggtggtgg

gtggaagtge

gtggtgteccg

aaagtgtcca

cagcctegag

atcccaccat

atcgecegtygyg

gtgctggact

tggctggaag

actcagaaga

tgctggagte

ccagtggett

gtctggaatyg

tgaaaggcceg

actcactgeg

actactgggyg

tgttceceget

ttgtgaagga

ccggagtgea

tggtcaccgt

agccctegaa

cttgeceegec

ccaagccgaa

acgtgtccca

acaacgccaa

tgctcactgt

acaaggcgcet

aaccacaggt

acaaccaggt

agtgggagag

ccgacggete

ggaacgtett

gettgteect

<210> SEQ ID NO 104
<211> LENGTH: 450

<212> TYPE:

PRT

cggtggtgge
taccctcagt
ggttagettt
ttttaccatt
tgccgaagat
ccagggaacc
ggccccateyg
ttactttcce
tactttececeg
ceccttegtec
caccaaggtc
ttgcccagee
ggataccctyg
cgaggaccceg
gaccaagcca
getgcaccaa
gectgeccca
gtacaccctyg
cagcctgace
caatgggcag
cttcttecte

ctcatgetee

gtegeceggt

ctggtacage

tattcttcta

attactcegt

tctegegaca

acggcegtgt

ctggtcacceyg

tccaagagca

gagccegtcea

getgtgette

tcecectgggea

gacaagaagg

ccggaagetyg

atgatctcac

gaagtgaaat

cgggaagaac

gactggctga

attgagaaaa

cceccecatece

tgcctggtea

ccggagaaca

tacagcaagc

gtgatgcatg

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024-053

mAb2 without LALA

<400> SEQUENCE: 104

445

cgggtggttc

tgtcatgggt

ctactggceta

acagcaagaa

attactgtge

tctegtegge

catcaggggg

cagtgtectyg

agtcctetygyg

cccagaccta

tcgagecgaa

ceggtggtec

ggaccccega

tcaattggta

agtacaactc

acgggaagga

ctatctcgaa

gggatgagct

aaggcttcta

actacaagac

tcaccgtggy

aggcgcetgea

tctgegtety

gegtcagget

tacccactat

cacgctgtac

gagacgggcg

tagcactaag

taccgecgee

gaacagcgga

cctgtactca

tatctgtaat

gtegtgegac

tteggtgtte

agtgacctgt

cgtggatgga

tacctaccge

gtacaagtgce

agccaaggga

gccatacate

tcccagegac

cacgecetece

cgcagatagg

caaccactac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1350



259

US 12,319,739 B2

-continued

260

Glu

Ser

Ser

Ser

Lys

65

Leu

Ala

Thr

Pro

145

Ala

Gly

Gly

Lys

Cys

225

Leu

Glu

Lys

Lys

Leu

305

Lys

Lys

Ser

Leu

Trp
385

Gly

Val

Leu

Met

Phe

50

Gly

Gln

Arg

Val

Ser

130

Lys

Leu

Leu

Thr

Val

210

Pro

Phe

Val

Phe

Pro

290

Thr

Val

Ala

Arg

Thr
370
Glu

Leu

Ala

Gln

Arg

Ser

35

Ile

Arg

Met

Arg

Ser

115

Ser

Asp

Thr

Tyr

Gln

195

Asp

Pro

Pro

Thr

Asn

275

Arg

Val

Ser

Lys

Asp

355

Cys

Ser

Asp

Asp

Leu

Leu

20

Trp

Thr

Phe

Asn

Ala

100

Ser

Lys

Tyr

Ser

Ser

180

Thr

Lys

Cys

Pro

Cys

260

Trp

Glu

Leu

Asn

Gly

340

Glu

Leu

Asn

Ser

Arg

Leu

Ser

Val

Pro

Thr

Ser

85

Leu

Ala

Ser

Phe

Gly

165

Leu

Tyr

Lys

Pro

Lys

245

Val

Tyr

Glu

His

Lys

325

Gln

Leu

Val

Gly

Asp

405

Trp

Glu

Cys

Arg

Ser

Ile

Leu

Val

Ser

Thr

Pro

150

Val

Ser

Ile

Val

Ala

230

Pro

Val

Val

Gln

Gln

310

Ala

Pro

Pro

Lys

Gln
390

Gly

Leu

Ser

Ala

Gln

Thr

55

Ser

Arg

Phe

Thr

Ser

135

Glu

His

Ser

Cys

Glu

215

Pro

Lys

Val

Asp

Tyr

295

Asp

Leu

Arg

Tyr

Gly

375

Pro

Ser

Glu

Gly

Ala

Ala

40

Gly

Arg

Ala

Asp

Lys

120

Gly

Pro

Thr

Val

Asn

200

Pro

Glu

Asp

Asp

Gly

280

Asn

Trp

Pro

Glu

Ile

360

Phe

Glu

Phe

Gly

Gly

Ser

25

Pro

Tyr

Asp

Glu

Tyr

105

Gly

Gly

Val

Phe

Val

185

Val

Lys

Leu

Thr

Val

265

Val

Ser

Leu

Ala

Pro

345

Ile

Tyr

Asn

Phe

Asn

Gly

Gly

Gly

Thr

Asn

Asp

90

Trp

Pro

Thr

Thr

Pro

170

Thr

Asn

Ser

Leu

Leu

250

Ser

Glu

Thr

Asn

Pro

330

Gln

Pro

Pro

Asn

Leu
410

Val

Leu

Phe

Lys

His

Ser

75

Thr

Gly

Ser

Ala

Val

155

Ala

Val

His

Cys

Gly

235

Met

His

Val

Tyr

Gly

315

Ile

Val

Pro

Ser

Tyr
395

Tyr

Phe

Val

Thr

Gly

Tyr

60

Lys

Ala

Gln

Val

Ala

140

Ser

Val

Pro

Lys

Asp

220

Gly

Ile

Glu

His

Arg

300

Lys

Glu

Tyr

Tyr

Asp

380

Lys

Ser

Ser

Gln

Leu

Leu

45

Ala

Asn

Val

Gly

Phe

125

Leu

Trp

Leu

Ser

Pro

205

Lys

Pro

Ser

Asp

Asn

285

Val

Glu

Lys

Thr

Asn

365

Ile

Thr

Lys

Cys

Pro

Ser

30

Glu

Asp

Thr

Tyr

Thr

110

Pro

Gly

Asn

Gln

Ser

190

Ser

Thr

Ser

Arg

Pro

270

Ala

Val

Tyr

Thr

Leu

350

Gln

Ala

Thr

Leu

Ser

Gly

15

Tyr

Trp

Ser

Leu

Tyr

95

Leu

Leu

Cys

Ser

Ser

175

Ser

Asn

His

Val

Thr

255

Glu

Lys

Ser

Lys

Ile

335

Pro

Val

Val

Pro

Thr
415

Val

Gly

Ser

Val

Val

Tyr

80

Cys

Val

Ala

Leu

Gly

160

Ser

Leu

Thr

Thr

Phe

240

Pro

Val

Thr

Val

Cys

320

Ser

Pro

Ser

Glu

Pro
400

Val

Met



US 12,319,739 B2
261

-continued

262

420 425 430

His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser
435 440 445

Pro Gly
450

<210> SEQ ID NO 105

<211> LENGTH: 1350

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024-053
mAb2 without LALA

<400> SEQUENCE: 105

gaagtgcaac tgctggagtc cggtggtggt ctggtacage cgggtggtte tetgegtetg

agttgcegegyg ccagtggett taccctcagt tattetteta tgtcatgggt gegtcagget

ccgggcaaag gtetggaatg ggttagettt attacteegt ctactggeta tacccactat

gecggatageg tgaaaggceg ttttaccatt tctegegaca acagcaagaa cacgetgtac

ctgcagatga actcactgeg tgccgaagat acggecgtgt attactgtge gagacgggeg

ctggtgtteg actactgggg ccagggaace ctggtcaceg tetegtegge tagcactaag

ggccegtegg tgtteceget ggeccccateg tccaagagca catcaggggyg taccgecgec

ctgggetgee ttgtgaagga ttactttece gageccgtea cagtgteetyg gaacagegga

gecctgacct ccggagtgca tactttcceg getgtgette agtectetgyg cctgtacteca

ttgtccteeg tggtcacegt cecttegtee teectgggea cccagaccta tatctgtaat

gtcaaccata agccctcgaa caccaaggte gacaagaagg tcgagccgaa gtegtgegac

aagactcaca cttgccegece ttgeccagee ccggaactge tgggtggtee tteggtgtte

ctcttecege ccaagecgaa ggataccetg atgatctcac ggaccecega agtgacctgt

gtggtggtgyg acgtgtccca cgaggaccceyg gaagtgaaat tcaattggta cgtggatgga

gtggaagtgc acaacgccaa gaccaagcca cgggaagaac agtacaactc tacctaccge

gtggtgtceg tgctcactgt getgcaccaa gactggctga acgggaagga gtacaagtge

aaagtgtcca acaaggeget gectgeccca attgagaaaa ctatctcgaa agccaaggga

cagcctegag aaccacaggt gtacaccetg cceccatcece gggatgaget gcecatacate

atcccaccat acaaccaggt cagectgace tgectggtea aaggettceta tcccagegac

atcgcegtgyg agtgggagag caatgggeag ccggagaaca actacaagac cacgcectcecce

gtgctggact ccgacggete cttettecte tacagcaage tcaccgtggyg cgcagatagg

tggctggaag ggaacgtett ctecatgetee gtgatgeatg aggegetgca caaccactac

actcagaaga gcttgteect gtegeceggt

<210> SEQ ID NO 106

<211> LENGTH: 450

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024-053
mAb2 with LALA

<400> SEQUENCE: 106

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1350



263

US 12,319,739 B2

-continued

264

Ser

Ser

Ser

Lys

65

Leu

Ala

Thr

Pro

145

Ala

Gly

Gly

Lys

Cys

225

Leu

Glu

Lys

Lys

Leu

305

Lys

Lys

Ser

Leu

Trp
385

Leu

Met

Phe

50

Gly

Gln

Arg

Val

Ser

130

Lys

Leu

Leu

Thr

Val

210

Pro

Phe

Val

Phe

Pro

290

Thr

Val

Ala

Arg

Thr

370

Glu

Leu

Ala

Glu

Arg

Ser

35

Ile

Arg

Met

Arg

Ser

115

Ser

Asp

Thr

Tyr

Gln

195

Asp

Pro

Pro

Thr

Asn

275

Arg

Val

Ser

Lys

Asp

355

Cys

Ser

Asp

Asp

Ala

Leu

20

Trp

Thr

Phe

Asn

Ala

100

Ser

Lys

Tyr

Ser

Ser

180

Thr

Lys

Cys

Pro

Cys

260

Trp

Glu

Leu

Asn

Gly

340

Glu

Leu

Asn

Ser

Arg
420

Leu

Ser

Val

Pro

Thr

Ser

Leu

Ala

Ser

Phe

Gly

165

Leu

Tyr

Lys

Pro

Lys

245

Val

Tyr

Glu

His

Lys

325

Gln

Leu

Val

Gly

Asp

405

Trp

His

Cys

Arg

Ser

Ile

70

Leu

Val

Ser

Thr

Pro

150

Val

Ser

Ile

Val

Ala

230

Pro

Val

Val

Gln

Gln

310

Ala

Pro

Pro

Lys

Gln
390
Gly

Leu

Asn

Ala

Gln

Thr

55

Ser

Arg

Phe

Thr

Ser

135

Glu

His

Ser

Cys

Glu

215

Pro

Lys

Val

Asp

Tyr

295

Asp

Leu

Arg

Tyr

Gly

375

Pro

Ser

Glu

His

Ala

Ala

40

Gly

Arg

Ala

Asp

Lys

120

Gly

Pro

Thr

Val

Asn

200

Pro

Glu

Asp

Asp

Gly

280

Asn

Trp

Pro

Glu

Ile

360

Phe

Glu

Phe

Gly

Tyr

Ser

25

Pro

Tyr

Asp

Glu

Tyr

105

Gly

Gly

Val

Phe

Val

185

Val

Lys

Ala

Thr

Val

265

Val

Ser

Leu

Ala

Pro

345

Ile

Tyr

Asn

Phe

Asn
425

Thr

Gly

Gly

Thr

Asn

Asp

Trp

Pro

Thr

Thr

Pro

170

Thr

Asn

Ser

Ala

Leu

250

Ser

Glu

Thr

Asn

Pro

330

Gln

Pro

Pro

Asn

Leu
410

Val

Gln

Phe

Lys

His

Ser

75

Thr

Gly

Ser

Ala

Val

155

Ala

Val

His

Cys

Gly

235

Met

His

Val

Tyr

Gly

315

Ile

Val

Pro

Ser

Tyr
395
Tyr

Phe

Lys

Thr

Gly

Tyr

60

Lys

Ala

Gln

Val

Ala

140

Ser

Val

Pro

Lys

Asp

220

Gly

Ile

Glu

His

Arg

300

Lys

Glu

Tyr

Tyr

Asp

380

Lys

Ser

Ser

Ser

Leu

Leu

45

Ala

Asn

Val

Gly

Phe

125

Leu

Trp

Leu

Ser

Pro

205

Lys

Pro

Ser

Asp

Asn

285

Val

Glu

Lys

Thr

Asn

365

Ile

Thr

Lys

Cys

Leu

Ser

30

Glu

Asp

Thr

Tyr

Thr

110

Pro

Gly

Asn

Gln

Ser

190

Ser

Thr

Ser

Arg

Pro

270

Ala

Val

Tyr

Thr

Leu

350

Gln

Ala

Thr

Leu

Ser
430

Ser

Tyr

Trp

Ser

Leu

Tyr

95

Leu

Leu

Cys

Ser

Ser

175

Ser

Asn

His

Val

Thr

255

Glu

Lys

Ser

Lys

Ile

335

Pro

Val

Val

Pro

Thr
415

Val

Leu

Ser

Val

Val

Tyr

80

Cys

Val

Ala

Leu

Gly

160

Ser

Leu

Thr

Thr

Phe

240

Pro

Val

Thr

Val

Cys

320

Ser

Pro

Ser

Glu

Pro
400
Val

Met

Ser



US 12,319,739 B2
265

-continued

266

435 440 445
Pro Gly
450

<210> SEQ ID NO 107

<211> LENGTH: 1350

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024-053
mAb2 with LALA

<400> SEQUENCE: 107

gaagtgcaac tgctggagtc cggtggtggt ctggtacage cgggtggtte tetgegtetg

agttgcegegyg ccagtggett taccctcagt tattetteta tgtcatgggt gegtcagget

ccgggcaaag gtetggaatg ggttagettt attacteegt ctactggeta tacccactat

gecggatageg tgaaaggceg ttttaccatt tctegegaca acagcaagaa cacgetgtac

ctgcagatga actcactgeg tgccgaagat acggecgtgt attactgtge gagacgggeg

ctggtgtteg actactgggg ccagggaace ctggtcaceg tetegtegge tagcactaag

ggccegtegg tgtteceget ggeccccateg tccaagagca catcaggggyg taccgecgec

ctgggetgee ttgtgaagga ttactttece gageccgtea cagtgteetyg gaacagegga

gecctgacct ccggagtgca tactttcceg getgtgette agtectetgyg cctgtacteca

ttgtccteeg tggtcacegt cecttegtee teectgggea cccagaccta tatctgtaat

gtcaaccata agccctcgaa caccaaggte gacaagaagg tcgagccgaa gtegtgegac

aagactcaca cttgccegece ttgeccagee ccggaagetg ceggtggtee tteggtgtte

ctcttecege ccaagecgaa ggataccetg atgatctcac ggaccecega agtgacctgt

gtggtggtgyg acgtgtccca cgaggaccceyg gaagtgaaat tcaattggta cgtggatgga

gtggaagtgc acaacgccaa gaccaagcca cgggaagaac agtacaactc tacctaccge

gtggtgtceg tgctcactgt getgcaccaa gactggctga acgggaagga gtacaagtge

aaagtgtcca acaaggeget gectgeccca attgagaaaa ctatctcgaa agccaaggga

cagcctegag aaccacaggt gtacaccetg cceccatcece gggatgaget gcecatacate

atcccaccat acaaccaggt cagectgace tgectggtea aaggettceta tcccagegac

atcgcegtgyg agtgggagag caatgggeag ccggagaaca actacaagac cacgcectcecce

gtgctggact ccgacggete cttettecte tacagcaage tcaccgtggyg cgcagatagg

tggctggaag ggaacgtett ctecatgetee gtgatgeatg aggegetgca caaccactac

actcagaaga gcttgteect gtegeceggt

<210> SEQ ID NO 108

<211> LENGTH: 450

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-024-060
mAb2 with LALA

<400> SEQUENCE: 108

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Leu Ser Tyr Ser
20 25 30

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1350
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US 12,319,739 B2

-continued

268

Ser

Ser

Lys

65

Leu

Ala

Thr

Pro

145

Ala

Gly

Gly

Lys

Cys

225

Leu

Glu

Lys

Lys

Leu

305

Lys

Lys

Ser

Leu

Trp
385

Pro

Met

Phe

50

Gly

Gln

Arg

Val

Ser

130

Lys

Leu

Leu

Thr

Val

210

Pro

Phe

Val

Phe

Pro

290

Thr

Val

Ala

Arg

Thr

370

Glu

Leu

Ala

Glu

Gly

Ser

35

Ile

Arg

Met

Arg

Ser

115

Ser

Asp

Thr

Tyr

Gln

195

Asp

Pro

Pro

Thr

Asn

275

Arg

Val

Ser

Lys

Asp

355

Cys

Ser

Asp

Asp

Ala
435

Trp

Thr

Phe

Asn

Ala

100

Ser

Lys

Tyr

Ser

Ser

180

Thr

Lys

Cys

Pro

Cys

260

Trp

Glu

Leu

Asn

Gly

340

Glu

Leu

Asn

Ser

Arg
420

Leu

Val

Pro

Thr

Ser

85

Leu

Ala

Ser

Phe

Gly

165

Leu

Tyr

Lys

Pro

Lys

245

Val

Tyr

Glu

His

Lys

325

Gln

Leu

Val

Gly

Asp

405

Trp

His

Arg

Ser

Ile

70

Leu

Trp

Ser

Thr

Pro

150

Val

Ser

Ile

Val

Ala

230

Pro

Val

Val

Gln

Gln

310

Ala

Pro

Pro

Lys

Gln
390
Gly

Leu

Asn

Gln

Thr

55

Ser

Arg

Phe

Thr

Ser

135

Glu

His

Ser

Cys

Glu

215

Pro

Lys

Val

Asp

Tyr

295

Asp

Leu

Arg

Tyr

Gly

375

Pro

Ser

Glu

His

Ala

Gly

Arg

Ala

Asp

Lys

120

Gly

Pro

Thr

Val

Asn

200

Pro

Glu

Asp

Asp

Gly

280

Asn

Trp

Pro

Glu

Ile

360

Phe

Glu

Phe

Gly

Tyr
440

Pro

Tyr

Asp

Glu

Tyr

105

Gly

Gly

Val

Phe

Val

185

Val

Lys

Ala

Thr

Val

265

Val

Ser

Leu

Ala

Pro

345

Ile

Tyr

Asn

Phe

Asn
425

Thr

Gly

Thr

Asn

Asp

90

Trp

Pro

Thr

Thr

Pro

170

Thr

Asn

Ser

Ala

Leu

250

Ser

Glu

Thr

Asn

Pro

330

Gln

Pro

Pro

Asn

Leu
410

Val

Gln

Lys

His

Ser

75

Thr

Gly

Ser

Ala

Val

155

Ala

Val

His

Cys

Gly

235

Met

His

Val

Tyr

Gly

315

Ile

Val

Pro

Ser

Tyr

395

Tyr

Phe

Lys

Gly Leu Glu Trp

Tyr

60

Lys

Ala

Gln

Val

Ala

140

Ser

Val

Pro

Lys

Asp

220

Gly

Ile

Glu

His

Arg

300

Lys

Glu

Tyr

Tyr

Asp

380

Lys

Ser

Ser

Ser

45

Ala

Asn

Val

Gly

Phe

125

Leu

Trp

Leu

Ser

Pro

205

Lys

Pro

Ser

Asp

Asn

285

Val

Glu

Lys

Thr

Asn

365

Ile

Thr

Lys

Cys

Leu
445

Asp

Thr

Tyr

Thr

110

Pro

Gly

Asn

Gln

Ser

190

Ser

Thr

Ser

Arg

Pro

270

Ala

Val

Tyr

Thr

Leu

350

Gln

Ala

Thr

Leu

Ser
430

Ser

Ser

Leu

Tyr

95

Leu

Leu

Cys

Ser

Ser

175

Ser

Asn

His

Val

Thr

255

Glu

Lys

Ser

Lys

Ile

335

Pro

Val

Val

Pro

Thr
415

Val

Leu

Val

Val

Tyr

80

Cys

Val

Ala

Leu

Gly

160

Ser

Leu

Thr

Thr

Phe

240

Pro

Val

Thr

Val

Cys

320

Ser

Pro

Ser

Glu

Pro
400
Val

Met

Ser
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-continued

270

<210>
<211>
<212>
<213>
<220>
<223>

450

PRT

<400> SEQUENCE:

Glu Val Gln Leu

1

Ser

Ala

Ser

Lys

65

Leu

Ala

Thr

Pro

145

Ala

Gly

Gly

Lys

Cys

225

Leu

Glu

Lys

Lys

Leu
305
Lys

Lys

Ser

Leu

Met

Ser

50

Gly

Gln

Arg

Val

Ser

130

Lys

Leu

Leu

Thr

Val

210

Pro

Phe

Val

Phe

Pro

290

Thr

Val

Ala

Arg

Arg

Thr

35

Ile

Arg

Met

Asn

Ser

115

Ser

Asp

Thr

Tyr

Gln

195

Asp

Pro

Pro

Thr

Asn

275

Arg

Val

Ser

Lys

Asp

Leu

20

Trp

Thr

Phe

Asn

Trp

100

Ser

Lys

Tyr

Ser

Ser

180

Thr

Lys

Cys

Pro

Cys

260

Trp

Glu

Leu

Asn

Gly
340

Glu

SEQ ID NO 109
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: heavy chain of

450

109

Leu Glu
5

Ser Cys

Val Arg

Pro Tyr

Thr Ile

Ser Leu

85

Tyr Arg

Ala Ser

Ser Thr

Phe Pro

150

Gly Val
165

Leu Ser

Tyr Ile

Lys Val

Pro Ala
230

Lys Pro
245

Val Val

Tyr Val

Glu Gln

His Gln

310

Lys Ala
325

Gln Pro

Leu Pro

Ser

Ala

Gln

Tyr

55

Ser

Arg

Phe

Thr

Ser

135

Glu

His

Ser

Cys

Glu

215

Pro

Lys

Val

Asp

Tyr

295

Asp

Leu

Arg

Tyr

Gly

Ala

Ala

40

Ser

Arg

Ala

Asp

Lys

120

Gly

Pro

Thr

Val

Asn

200

Pro

Glu

Asp

Asp

Gly

280

Asn

Trp

Pro

Glu

Ile

Gly

Ser

25

Pro

Lys

Asp

Glu

Tyr

105

Gly

Gly

Val

Phe

Val

185

Val

Lys

Ala

Thr

Val

265

Val

Ser

Leu

Ala

Pro
345

Ile

Gly

Gly

Gly

Thr

Asn

Asp

90

Trp

Pro

Thr

Thr

Pro

170

Thr

Asn

Ser

Ala

Leu

250

Ser

Glu

Thr

Asn

Pro
330

Gln

Pro

FS22-172-003-AA/FS28-026 mAb2

Leu

Phe

Lys

Asp

Ser

75

Thr

Gly

Ser

Ala

Val

155

Ala

Val

His

Cys

Gly

235

Met

His

Val

Tyr

Gly

315

Ile

Val

Pro

Val

Thr

Gly

Tyr

60

Lys

Ala

Gln

Val

Ala

140

Ser

Val

Pro

Lys

Asp

220

Gly

Ile

Glu

His

Arg

300

Lys

Glu

Tyr

Tyr

Gln

Phe

Leu

45

Ala

Asn

Val

Gly

Phe

125

Leu

Trp

Leu

Ser

Pro

205

Lys

Pro

Ser

Asp

Asn

285

Val

Glu

Lys

Thr

Asn

Pro

Ser

30

Glu

Asp

Thr

Tyr

Thr

110

Pro

Gly

Asn

Gln

Ser

190

Ser

Thr

Ser

Arg

Pro

270

Ala

Val

Tyr

Thr

Leu
350

Gln

Gly

Asn

Trp

Ser

Leu

Tyr

95

Leu

Leu

Cys

Ser

Ser

175

Ser

Asn

His

Val

Thr

255

Glu

Lys

Ser

Lys

Ile
335

Pro

Val

Gly

Tyr

Val

Val

Tyr

80

Cys

Val

Ala

Leu

Gly

160

Ser

Leu

Thr

Thr

Phe

240

Pro

Val

Thr

Val

Cys
320
Ser

Pro

Ser
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-continued

272

Leu

Trp
385

Pro

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Thr

370

Glu

Leu

Ala

Glu

Gly
450

355

Cys

Ser

Asp

Asp

Ala
435

Leu

Asn

Ser

Arg

420

Leu

PRT

SEQUENCE :

Glu Val Gln Leu

1

Ser

Ala

Ser

Lys

65

Leu

Ala

Thr

Pro

145

Ala

Gly

Gly

Lys

Cys

225

Glu

Leu

Met

Ser

50

Gly

Gln

Arg

Val

Ser

130

Lys

Leu

Leu

Thr

Val
210
Pro

Phe

Val

Arg

Ser

35

Ile

Arg

Met

Asn

Ser

115

Ser

Asp

Thr

Tyr

Gln

195

Asp

Pro

Pro

Thr

Leu

20

Trp

Lys

Phe

Asn

Arg

100

Ser

Lys

Tyr

Ser

Ser

180

Thr

Lys

Cys

Pro

Cys

Val

Gly

Asp

405

Trp

His

SEQ ID NO 110
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: heavy chain of

450

110

Leu

5

Ser

Val

Pro

Thr

Ser

85

Trp

Ala

Ser

Phe

Gly

165

Leu

Tyr

Lys

Pro

Lys
245

Val

Lys

Gln

390

Gly

Leu

Asn

Glu

Cys

Arg

Tyr

Ile

70

Leu

Val

Ser

Thr

Pro

150

Val

Ser

Ile

Val

Ala
230

Pro

Val

Gly

375

Pro

Ser

Glu

His

Ser

Ala

Gln

Asp

55

Ser

Arg

Phe

Thr

Ser

135

Glu

His

Ser

Cys

Glu
215
Pro

Lys

Val

360

Phe

Glu

Phe

Gly

Tyr
440

Gly

Ala

Ala

Gly

Arg

Ala

Asp

Lys

120

Gly

Pro

Thr

Val

Asn

200

Pro

Glu

Asp

Asp

Tyr

Asn

Phe

Asn

425

Thr

Gly

Ser

25

Pro

Asn

Asp

Glu

Tyr

105

Gly

Gly

Val

Phe

Val

185

Val

Lys

Ala

Thr

Val

Pro

Asn

Leu

410

Val

Gln

Gly

10

Gly

Gly

Thr

Asn

Asp

90

Trp

Pro

Thr

Thr

Pro

170

Thr

Asn

Ser

Ala

Leu
250

Ser

Ser

Tyr

395

Tyr

Phe

Lys

FS22-172-003-AA/FS28-091 mAb2

Leu

Phe

Lys

Tyr

Ser

75

Thr

Gly

Ser

Ala

Val

155

Ala

Val

His

Cys

Gly

235

Met

His

Asp

380

Lys

Ser

Ser

Ser

Val

Thr

Gly

Tyr

60

Lys

Ala

Gln

Val

Ala

140

Ser

Val

Pro

Lys

Asp

220

Gly

Ile

Glu

365

Ile

Thr

Lys

Cys

Leu
445

Gln

Phe

Leu

Ala

Asn

Val

Gly

Phe

125

Leu

Trp

Leu

Ser

Pro

205

Lys

Pro

Ser

Asp

Ala

Thr

Leu

Ser

430

Ser

Pro

Thr

30

Glu

Asp

Thr

Tyr

Thr

110

Pro

Gly

Asn

Gln

Ser

190

Ser

Thr

Ser

Arg

Pro

Val

Pro

Thr

415

Val

Leu

Gly

15

Asn

Trp

Ser

Leu

Tyr

95

Leu

Leu

Cys

Ser

Ser

175

Ser

Asn

His

Val

Thr
255

Glu

Glu

Pro

400

Val

Met

Ser

Gly

Tyr

Val

Val

Tyr

80

Cys

Val

Ala

Leu

Gly

160

Ser

Leu

Thr

Thr

Phe
240

Pro

Val



US 12,319,739 B2
273 274

-continued

260 265 270

Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr
275 280 285

Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val
290 295 300

Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys
305 310 315 320

Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser
325 330 335

Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro
340 345 350

Ser Arg Asp Glu Leu Pro Tyr Ile Ile Pro Pro Tyr Asn Gln Val Ser
355 360 365

Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu
370 375 380

Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro
385 390 395 400

Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val
405 410 415

Gly Ala Asp Arg Trp Leu Glu Gly Asn Val Phe Ser Cys Ser Val Met
420 425 430

His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser
435 440 445

Pro Gly
450

<210> SEQ ID NO 111

<211> LENGTH: 457

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-185 mAb2

<400> SEQUENCE: 111

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Thr Thr Ser
20 25 30

Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Arg Ile Asn Pro Tyr Glu Gly Glu Thr Asn Tyr Ala Asp Ser Val

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Gly Trp Ser Ile Ala Thr Tyr Tyr Lys Ser Ala Met Asp Tyr
100 105 110

Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly
115 120 125

Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly
130 135 140

Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val
145 150 155 160

Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe
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275

-continued

276

Pro

Thr

Asn

Ser

225

Ala

Leu

Ser

Glu

Thr

305

Asn

Pro

Gln

Pro

Pro

385

Asn

Leu

Gln

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Tyr

Ser

Ala

Val

His

210

Cys

Gly

Met

His

Val

290

Tyr

Gly

Ile

Val

Pro

370

Ser

Tyr

Tyr

Phe

Lys
450

Val

Pro

195

Lys

Asp

Gly

Ile

Glu

275

His

Arg

Lys

Glu

Tyr

355

Tyr

Asp

Lys

Ser

Ser

435

Ser

Leu

180

Ser

Pro

Lys

Pro

Ser

260

Asp

Asn

Val

Glu

Lys

340

Thr

Asn

Ile

Thr

Lys

420

Cys

Leu

PRT

165

Gln

Ser

Ser

Thr

Ser

245

Arg

Pro

Ala

Val

Tyr

325

Thr

Leu

Gln

Ala

Thr

405

Leu

Ser

Ser

SEQ ID NO 112
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: heavy chain of

453

without LALA

SEQUENCE :

112

Ser

Ser

Asn

His

230

Val

Thr

Glu

Lys

Ser

310

Lys

Ile

Pro

Val

Val

390

Pro

Thr

Val

Leu

Val Gln Leu Leu Glu

5

Leu Arg Leu Ser Cys

20

Met Ser Trp Val Arg

35

Asn Ile Ser Pro Thr

50

170 175

Ser Gly Leu Tyr Ser Leu Ser Ser Val
185 190

Leu Gly Thr Gln Thr Tyr Ile Cys Asn
200 205

Thr Lys Val Asp Lys Lys Val Glu Pro
215 220

Thr Cys Pro Pro Cys Pro Ala Pro Glu
235

Phe Leu Phe Pro Pro Lys Pro Lys Asp
250 255

Pro Glu Val Thr Cys Val Val Val Asp
265 270

Val Lys Phe Asn Trp Tyr Val Asp Gly
280 285

Thr Lys Pro Arg Glu Glu Gln Tyr Asn
295 300

Val Leu Thr Val Leu His Gln Asp Trp
315

Cys Lys Val Ser Asn Lys Ala Leu Pro
330 335

Ser Lys Ala Lys Gly Gln Pro Arg Glu
345 350

Pro Ser Arg Asp Glu Leu Pro Tyr Ile
360 365

Ser Leu Thr Cys Leu Val Lys Gly Phe
375 380

Glu Trp Glu Ser Asn Gly Gln Pro Glu
395

Pro Val Leu Asp Ser Asp Gly Ser Phe
410 415

Val Gly Ala Asp Arg Trp Leu Glu Gly
425 430

Met His Glu Ala Leu His Asn His Tyr
440 445

Ser Pro Gly
455

Ser Gly Gly Gly Leu Val Gln Pro Gly
10 15

Ala Ala Ser Gly Phe Thr Phe Thr Asn
25 30

Gln Ala Pro Gly Lys Gly Leu Glu Trp
40 45

Tyr Ser Thr Thr Asn Tyr Ala Asp Ser
55 60

Val

Val

Lys

Ala

240

Thr

Val

Val

Ser

Leu

320

Ala

Pro

Ile

Tyr

Asn

400

Phe

Asn

Thr

FS22-172-003-AA/FS28-256 mAb2

Gly

Thr

Val

Val
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-continued

278

Lys

65

Leu

Ala

Thr

Pro

Gly

145

Asn

Gln

Ser

Ser

Thr

225

Ser

Arg

Pro

Ala

305

Tyr

Thr

Leu

Gln

Ala

385

Thr

Leu

Ser

Ser

Gly

Gln

Arg

Leu

Leu

130

Cys

Ser

Ser

Ser

Asn

210

His

Val

Thr

Glu

Lys

290

Ser

Lys

Ile

Pro

Val

370

Val

Pro

Thr

Val

Leu
450

Arg

Met

Tyr

Val

115

Ala

Leu

Gly

Ser

Leu

195

Thr

Thr

Phe

Pro

Val

275

Thr

Val

Cys

Ser

Pro

355

Ser

Glu

Pro

Val

Met
435

Ser

Phe

Asn

Asn

100

Thr

Pro

Val

Ala

Gly

180

Gly

Lys

Cys

Leu

Glu

260

Lys

Lys

Leu

Lys

Lys

340

Ser

Leu

Trp

Val

Gly

420

His

Pro

Thr

Ser

85

Ser

Val

Ser

Lys

Leu

165

Leu

Thr

Val

Pro

Phe

245

Val

Phe

Pro

Thr

Val

325

Ala

Arg

Thr

Glu

Leu

405

Ala

Glu

Gly

<210> SEQ ID NO 113

<211> LENGTH:

<212> TYPE: DNA

1359

Ile

Leu

Tyr

Ser

Ser

Asp

150

Thr

Tyr

Gln

Asp

Pro

230

Pro

Thr

Asn

Arg

Val

310

Ser

Lys

Asp

Cys

Ser

390

Asp

Asp

Ala

Ser

Arg

Gln

Ser

Lys

135

Tyr

Ser

Ser

Thr

Lys

215

Cys

Pro

Cys

Trp

Glu

295

Leu

Asn

Gly

Glu

Leu

375

Asn

Ser

Arg

Leu

Arg

Ala

Gly

Ala

120

Ser

Phe

Gly

Leu

Tyr

200

Lys

Pro

Lys

Val

Tyr

280

Glu

His

Lys

Gln

Leu

360

Val

Gly

Asp

Trp

His
440

Asp

Glu

Gly

105

Ser

Thr

Pro

Val

Ser

185

Ile

Val

Ala

Pro

Val

265

Val

Gln

Gln

Ala

Pro

345

Pro

Lys

Gln

Gly

Leu
425

Asn

Asn

Asp

90

Leu

Thr

Ser

Glu

His

170

Ser

Cys

Glu

Pro

Lys

250

Val

Asp

Tyr

Asp

Leu

330

Arg

Tyr

Gly

Pro

Ser

410

Glu

His

Ser

75

Thr

Asp

Lys

Gly

Pro

155

Thr

Val

Asn

Pro

Glu

235

Asp

Asp

Gly

Asn

Trp

315

Pro

Glu

Ile

Phe

Glu

395

Phe

Gly

Tyr

Lys

Ala

Tyr

Gly

Gly

140

Val

Phe

Val

Val

Lys

220

Leu

Thr

Val

Val

Ser

300

Leu

Ala

Pro

Ile

Tyr

380

Asn

Phe

Asn

Thr

Asn

Val

Trp

Pro

125

Thr

Thr

Pro

Thr

Asn

205

Ser

Leu

Leu

Ser

Glu

285

Thr

Asn

Pro

Gln

Pro

365

Pro

Asn

Leu

Val

Gln
445

Thr

Tyr

Gly

110

Ser

Ala

Val

Ala

Val

190

His

Cys

Gly

Met

His

270

Val

Tyr

Gly

Ile

Val

350

Pro

Ser

Tyr

Tyr

Phe
430

Lys

Leu

Tyr

95

Gln

Val

Ala

Ser

Val

175

Pro

Lys

Asp

Gly

Ile

255

Glu

His

Arg

Lys

Glu

335

Tyr

Tyr

Asp

Lys

Ser

415

Ser

Ser

Tyr

80

Cys

Gly

Phe

Leu

Trp

160

Leu

Ser

Pro

Lys

Pro

240

Ser

Asp

Asn

Val

Glu

320

Lys

Thr

Asn

Ile

Thr

400

Lys

Cys

Leu
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279 280

-continued

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256 mAb2
without LALA

<400> SEQUENCE: 113

gaagtgcaac tgctggagtc cggtggtggt ctggtacage cgggtggtte tetgegtetg 60
agttgcegegyg ccagtggett taccttcact aacacttata tgagetgggt gegtcagget 120
ccgggcaaag gtcetggaatg ggttageaat atttetecga cttatagecac taccaactat 180
gecggatageg tgaaaggceg ttttaccatt tctegegaca acagcaagaa cacgetgtac 240
ctgcagatga actcactgeg tgccgaagat acggecgtgt attactgtge gagatacaac 300
tcttaccagg gtggettgga ctactgggge cagggaacct tggtcacegt ctegagtget 360
agcactaagg gcccgteggt gttecegetg gecccategt ccaagagcac atcagggggt 420
accgeegece tgggetgect tgtgaaggat tacttteceg ageccgtcac agtgtcecetgg 480
aacagcggag ccctgaccte cggagtgeat acttteeegg ctgtgettca gtectetgge 540
ctgtactcat tgtccteegt ggtcaccgte ccttegtect cectgggeac ccagacctat 600
atctgtaatg tcaaccataa gccctegaac accaaggteg acaagaaggt cgagcecgaag 660
tcgtgegaca agactcacac ttgeccgect tgeccagecce cggaactget gggtggtect 720
tcggtgttee tettecegee caagecgaag gataccctga tgatctcacg gacccccgaa 780
gtgacctgtyg tggtggtgga cgtgtcccac gaggacccegg aagtgaaatt caattggtac 840
gtggatggag tggaagtgca caacgccaag accaagccac gggaagaaca gtacaactcet 900
acctaccgeg tggtgteegt getcactgtg ctgcaccaag actggetgaa cgggaaggag 960

tacaagtgca aagtgtccaa caaggcgctg cctgccccaa ttgagaaaac tatctcgaaa 1020

gccaagggac agcectcgaga accacaggtg tacaccctge ceccatcccg ggatgagetg 1080

ccatacatca tcccaccata caaccaggtc agcctgacct gectggtcaa aggcttctat 1140

cccagegaca tcegecgtgga gtgggagage aatgggcage cggagaacaa ctacaagacce 1200

acgccteceg tgctggacte cgacggctcee ttettectet acagcaaget caccgtgggce 1260

gcagataggt ggctggaagg gaacgtcttc tcatgctceg tgatgcatga ggcgctgcac 1320

aaccactaca ctcagaagag cttgtccctg tcgecccggt 1359

<210> SEQ ID NO 114

<211> LENGTH: 453

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256 mAb2
with LALA

<400> SEQUENCE: 114

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Thr Asn Thr
20 25 30

Tyr Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Asn Ile Ser Pro Thr Tyr Ser Thr Thr Asn Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80
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282

Leu

Ala

Thr

Pro

Gly

145

Asn

Gln

Ser

Ser

Thr

225

Ser

Arg

Pro

Ala

305

Tyr

Thr

Leu

Gln

Ala

385

Thr

Leu

Ser

Ser

<210>
<211>
<212>
<213>
<220>
<223>

Gln

Arg

Leu

Leu

130

Cys

Ser

Ser

Ser

Asn

210

His

Val

Thr

Glu

Lys

290

Ser

Lys

Ile

Pro

Val

370

Val

Pro

Thr

Val

Leu
450

Met

Tyr

Val

115

Ala

Leu

Gly

Ser

Leu

195

Thr

Thr

Phe

Pro

Val

275

Thr

Val

Cys

Ser

Pro

355

Ser

Glu

Pro

Val

Met
435

Ser

Asn

Asn

100

Thr

Pro

Val

Ala

Gly

180

Gly

Lys

Cys

Leu

Glu

260

Lys

Lys

Leu

Lys

Lys

340

Ser

Leu

Trp

Val

Gly

420

His

Pro

Ser

Ser

Val

Ser

Lys

Leu

165

Leu

Thr

Val

Pro

Phe

245

Val

Phe

Pro

Thr

Val

325

Ala

Arg

Thr

Glu

Leu

405

Ala

Glu

Gly

SEQ ID NO 115
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256 mAb2

1359

Leu

Tyr

Ser

Ser

Asp

150

Thr

Tyr

Gln

Asp

Pro

230

Pro

Thr

Asn

Arg

Val

310

Ser

Lys

Asp

Cys

Ser

390

Asp

Asp

Ala

Arg

Gln

Ser

Lys

135

Tyr

Ser

Ser

Thr

Lys

215

Cys

Pro

Cys

Trp

Glu

295

Leu

Asn

Gly

Glu

Leu

375

Asn

Ser

Arg

Leu

Ala

Gly

Ala

120

Ser

Phe

Gly

Leu

Tyr

200

Lys

Pro

Lys

Val

Tyr

280

Glu

His

Lys

Gln

Leu

360

Val

Gly

Asp

Trp

His
440

Glu

Gly

105

Ser

Thr

Pro

Val

Ser

185

Ile

Val

Ala

Pro

Val

265

Val

Gln

Gln

Ala

Pro

345

Pro

Lys

Gln

Gly

Leu

425

Asn

Asp

Leu

Thr

Ser

Glu

His

170

Ser

Cys

Glu

Pro

Lys

250

Val

Asp

Tyr

Asp

Leu

330

Arg

Tyr

Gly

Pro

Ser

410

Glu

His

Thr

Asp

Lys

Gly

Pro

155

Thr

Val

Asn

Pro

Glu

235

Asp

Asp

Gly

Asn

Trp

315

Pro

Glu

Ile

Phe

Glu

395

Phe

Gly

Tyr

Ala

Tyr

Gly

Gly

140

Val

Phe

Val

Val

Lys

220

Ala

Thr

Val

Val

Ser

300

Leu

Ala

Pro

Ile

Tyr

380

Asn

Phe

Asn

Thr

Val

Trp

Pro

125

Thr

Thr

Pro

Thr

Asn

205

Ser

Ala

Leu

Ser

Glu

285

Thr

Asn

Pro

Gln

Pro

365

Pro

Asn

Leu

Val

Gln
445

Tyr

Gly

110

Ser

Ala

Val

Ala

Val

190

His

Cys

Gly

Met

His

270

Val

Tyr

Gly

Ile

Val

350

Pro

Ser

Tyr

Tyr

Phe
430

Lys

Tyr

95

Gln

Val

Ala

Ser

Val

175

Pro

Lys

Asp

Gly

Ile

255

Glu

His

Arg

Lys

Glu

335

Tyr

Tyr

Asp

Lys

Ser

415

Ser

Ser

Cys

Gly

Phe

Leu

Trp

160

Leu

Ser

Pro

Lys

Pro

240

Ser

Asp

Asn

Val

Glu

320

Lys

Thr

Asn

Ile

Thr

400

Lys

Cys

Leu
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284

-continued
with LALA

<400> SEQUENCE: 115

gaagtgcaac tgctggagtce cggtggtggt ctggtacage cgggtggttce tetgegtetg 60
agttgcgegg ccagtggett taccttcact aacacttata tgagetgggt gegtcagget 120
ccgggcaaag gtctggaatg ggttagcaat atttctcecga cttatagcac taccaactat 180
geggatageyg tgaaaggccg ttttaccatt tcectegegaca acagcaagaa cacgctgtac 240
ctgcagatga actcactgcg tgccgaagat acggccegtgt attactgtge gagatacaac 300
tcttaccagg gtggettgga ctactgggge cagggaacct tggtcacegt ctcgagtget 360
agcactaagg gccegteggt gttcecegetg gecccategt ccaagagcac atcagggggt 420
accgecgece tgggetgect tgtgaaggat tactttceeeg ageccgtcac agtgtectgg 480
aacagcggag ccctgaccte cggagtgecat actttcecegyg ctgtgcttca gtcectetgge 540
ctgtactcat tgtcctecegt ggtcacegte cettegtect cectgggcac ccagacctat 600
atctgtaatg tcaaccataa gccctcgaac accaaggteg acaagaaggt cgagcecgaag 660
tegtgegaca agactcacac ttgccegect tgeccagece cggaagcetge cggtggtect 720
teggtgttee tetteccgee caagccgaag gataccctga tgatctcacyg gacccccgaa 780
gtgacctgtyg tggtggtgga cgtgtcccac gaggacccgg aagtgaaatt caattggtac 840
gtggatggayg tggaagtgca caacgccaag accaagccac gggaagaaca gtacaactcet 900
acctaccgeg tggtgtcegt getcactgtg ctgcaccaag actggctgaa cgggaaggag 960
tacaagtgca aagtgtccaa caaggcgctg cctgccccaa ttgagaaaac tatctcgaaa 1020
gccaagggac agcectcgaga accacaggtg tacaccctge ceccatcccg ggatgagetg 1080
ccatacatca tcccaccata caaccaggtc agcctgacct gectggtcaa aggcttctat 1140
cccagegaca tcegecgtgga gtgggagage aatgggcage cggagaacaa ctacaagacce 1200
acgccteceg tgctggacte cgacggctcee ttettectet acagcaaget caccgtgggce 1260
gcagataggt ggctggaagg gaacgtcttc tcatgctceg tgatgcatga ggcgctgcac 1320
aaccactaca ctcagaagag cttgtccctg tcgecccggt 1359

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 116
H: 215
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION:

RE:

<400> SEQUENCE: 116

Glu Ile Val
1

Glu Arg Ala

Tyr Leu Ala
35

Ile Tyr Gly
50

Gly Ser Gly
65

Pro Glu Asp

Ile Thr Phe

Leu Thr Gln Ser Pro

5

Thr Leu Ser Cys Arg

20

Trp Tyr Gln Gln Lys

40

Ala Ser Ser Arg Ala

55

Ser Gly Thr Asp Phe

70

Phe Ala Val Tyr Tyr

85

Gly Gln Gly Thr Lys

Gly

Ala

25

Pro

Thr

Thr

Cys

Val

light chain of

Thr

10

Ser

Gly

Gly

Leu

Gln

90

Glu

FS22-172-003-AA/FS28-256 mAb2

Leu

Gln

Gln

Ile

Thr

75

Gln

Ile

Ser

Ser

Ala

Pro

60

Ile

Ser

Lys

Leu

Val

Pro

45

Asp

Ser

Tyr

Arg

Ser

Ser

30

Arg

Arg

Arg

Tyr

Thr

Pro Gly
15

Ser Ser

Leu Leu

Phe Ser

Leu Glu
80

Tyr Pro
95

Val Ala
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286

Ala Pro Ser
115

Gly Thr Ala
130

Ala Lys Val
145

Gln Glu Ser
Ser Ser Thr
Tyr Ala Cys

195
Ser Phe Asn

210

<210> SEQ I
<211> LENGT.
<212> TYPE:

100

Val Phe Ile Phe Pro

120

Ser Val Val Cys Leu

135

Gln Trp Lys Val Asp
150

Val Thr Glu Gln Asp

165

Leu Thr Leu Ser Lys

180

Glu Val Thr His Gln

200

Arg Gly Glu Cys

D NO 117
H: 645
DNA

215

105

Pro

Leu

Asn

Ser

Ala

185

Gly

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-256 mAb2

RE:

<400> SEQUENCE: 117

gaaattgtge

ctgtcatgee

ccgggcecagyg

gatcgttttt

ccggaggatt

caagggacca

ccatcegacy

taccctegeg

caggaaagcg

accctgagea

ggtetttegt

<210> SEQ I

<211> LENGT.
<212> TYPE:

tgacccagte

gggcttcetea

ccecegegtet

ccggtagtgg

ttgcggtgta

aggtggaaat

agcagctcaa

aagctaaggt

tgactgaaca

aggcggatta

cceceegtgac

D NO 118

H: 453
PRT

tcegggcacy
aagtgttage
getgatttac
ttctgggacy
ttactgccag
caaacgtact
gtceggecace
ccagtggaag
ggactccaag
cgaaaagcac

caagagctte

Ser

Asn

Ala

Lys

170

Asp

Leu

Asp

Asn

Leu

155

Asp

Tyr

Ser

ttatctctga

agtagctacc

ggtgcatcca

gacttcacte

caatcttatt

gtggcegete

gecteegtygyg

gtcgacaatg

gactccacct

aaagtgtacg

aacagaggag

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: heavy chain of
mAb2 without LALA

<400> SEQUENCE: 118

Glu Val Gln
1

Ser Leu Arg

Tyr Met Ser
35

Ser Asn Ile
50

Lys Gly Arg

Leu Leu Glu Ser Gly

5

Leu Ser Cys Ala Ala

20

Trp Val Arg Gln Ala

40

Ser Pro Thr Tyr Ser

55

Phe Thr Ile Ser Arg

Gly

Ser

25

Pro

Thr

Asp

Gly

10

Gly

Gly

Thr

Asn

FS22-172-003-AA/FS28-256-001

Leu

Phe

Lys

Asn

Ser

110

Glu Gln Leu
125

Phe Tyr Pro
140

Gln Ser Gly

Ser Thr Tyr

Glu Lys His

190

Ser Pro Val
205

gecetggtga
tggcgtggta
geegtgecac
tgacaatctce
attatcctat
ctagcgtgtt
tctgectget
ccctgeagte
attcactgtce
catgcgaagt

agtgt

Val Gln Pro
Thr Phe Thr
30

Gly Leu Glu
45

Tyr Ala Asp
60

Lys Asn Thr

Lys Ser

Arg Glu

Asn Ser

160

Ser Leu
175

Lys Val

Thr Lys

gegegecact
tcagcaaaaa
cggcatteca
acgcctggaa
cacgttcgge
catttttceg
caacaacttce
cggaaactcg
ctcgactcety

gacccaccag

Gly Gly

15

Glu Thr

Trp Val

Ser Val

Leu Tyr

60

120

180

240

300

360

420

480

540

600

645
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287 288

-continued

65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Tyr Asn Ser Tyr Gln Gly Gly Leu Asp Tyr Trp Gly Gln Gly
100 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys
210 215 220

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
225 230 235 240

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser
245 250 255

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp
260 265 270

Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn
275 280 285

Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val
290 295 300

Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu
305 310 315 320

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys
325 330 335

Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr
340 345 350

Leu Pro Pro Ser Arg Asp Glu Leu Pro Tyr Ile Ile Pro Pro Tyr Asn
355 360 365

Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile
370 375 380

Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr
385 390 395 400

Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
405 410 415

Leu Thr Val Gly Ala Asp Arg Trp Leu Glu Gly Asn Val Phe Ser Cys
420 425 430

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu
435 440 445

Ser Leu Ser Pro Gly
450

<210> SEQ ID NO 119

<211> LENGTH: 1359

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence



US 12,319,739 B2
289 290
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<220> FEATURE:
<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-001
mAb2 without LALA

<400> SEQUENCE: 119

gaagtgcaac tgctggagtc cggtggtggt ctggtacage cgggtggtte tetgegtetg 60
agttgcegegyg ccagtggett taccttcact gagacttata tgagetgggt gegtcagget 120
ccgggcaaag gtcetggaatg ggttageaat atttetecga cttatagecac taccaactat 180
gecggatageg tgaaaggceg ttttaccatt tctegegaca acagcaagaa cacgetgtac 240
ctgcagatga actcactgeg tgccgaagat acggecgtgt attactgtge gagatacaac 300
tcttaccagg gtggettgga ctactgggge cagggaacct tggtcacegt ctegagtget 360
agcactaagg gcccgteggt gttecegetg gecccategt ccaagagcac atcagggggt 420
accgeegece tgggetgect tgtgaaggat tacttteceg ageccgtcac agtgtcecetgg 480
aacagcggag ccctgaccte cggagtgeat acttteeegg ctgtgettca gtectetgge 540
ctgtactcat tgtccteegt ggtcaccgte ccttegtect cectgggeac ccagacctat 600
atctgtaatg tcaaccataa gccctegaac accaaggteg acaagaaggt cgagcecgaag 660
tcgtgegaca agactcacac ttgeccgect tgeccagecce cggaactget gggtggtect 720
tcggtgttee tettecegee caagecgaag gataccctga tgatctcacg gacccccgaa 780
gtgacctgtyg tggtggtgga cgtgtcccac gaggacccegg aagtgaaatt caattggtac 840
gtggatggag tggaagtgca caacgccaag accaagccac gggaagaaca gtacaactcet 900
acctaccgeg tggtgteegt getcactgtg ctgcaccaag actggetgaa cgggaaggag 960

tacaagtgca aagtgtccaa caaggcgctg cctgccccaa ttgagaaaac tatctcgaaa 1020

gccaagggac agcectcgaga accacaggtg tacaccctge ceccatcccg ggatgagetg 1080

ccatacatca tcccaccata caaccaggtc agcctgacct gectggtcaa aggcttctat 1140

cccagegaca tcegecgtgga gtgggagage aatgggcage cggagaacaa ctacaagacce 1200

acgccteceg tgctggacte cgacggctcee ttettectet acagcaaget caccgtgggce 1260

gcagataggt ggctggaagg gaacgtcttc tcatgctceg tgatgcatga ggcgctgcac 1320

aaccactaca ctcagaagag cttgtccctg tcgecccggt 1359

<210> SEQ ID NO 120

<211> LENGTH: 453

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-001
mAb2 with LALA

<400> SEQUENCE: 120

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Thr Glu Thr
20 25 30

Tyr Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Asn Ile Ser Pro Thr Tyr Ser Thr Thr Asn Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
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-continued

85 90 95

Ala Arg Tyr Asn Ser Tyr Gln Gly Gly Leu Asp Tyr Trp Gly Gln Gly
100 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys
210 215 220

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Ala Ala Gly Gly Pro
225 230 235 240

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser
245 250 255

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp
260 265 270

Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn
275 280 285

Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val
290 295 300

Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu
305 310 315 320

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys
325 330 335

Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr
340 345 350

Leu Pro Pro Ser Arg Asp Glu Leu Pro Tyr Ile Ile Pro Pro Tyr Asn
355 360 365

Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile
370 375 380

Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr
385 390 395 400

Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
405 410 415

Leu Thr Val Gly Ala Asp Arg Trp Leu Glu Gly Asn Val Phe Ser Cys
420 425 430

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu
435 440 445

Ser Leu Ser Pro Gly
450

<210> SEQ ID NO 121

<211> LENGTH: 1359

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-001
mAb2 with LALA
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-continued

<400> SEQUENCE: 121

gaagtgcaac tgctggagtc cggtggtggt ctggtacagce cgggtggttc tctgegtcetg 60
agttgcegegg ccagtggett taccttcact gagacttata tgagetgggt gcgtcagget 120
ccgggcaaag gtctggaatg ggttagcaat atttctccga cttatagcac taccaactat 180
gcggatageg tgaaaggecg ttttaccatt tctcgcgaca acagcaagaa cacgctgtac 240
ctgcagatga actcactgcg tgccgaagat acggccgtgt attactgtgc gagatacaac 300
tcttaccagg gtggecttgga ctactgggge cagggaacct tggtcaccgt ctcegagtget 360
agcactaagg gcccgtceggt gttccegetg gcecccategt ccaagagcac atcagggggt 420
accgeccgecoc tgggectgect tgtgaaggat tactttcceg agcccgtcac agtgtectgg 480
aacagcggag ccctgacctce cggagtgcat acttteccegg ctgtgcettca gtcectcetgge 540
ctgtactcat tgtcctcegt ggtcaccgtce ccttegtect ccctgggcac ccagacctat 600
atctgtaatg tcaaccataa gccctcgaac accaaggtcg acaagaaggt cgagccgaag 660
tcgtgcegaca agactcacac ttgcccgcect tgcccagceee cggaagetgce cggtggtect 720
teggtgttce tcttececcgee caagccgaag gataccctga tgatctcacg gacccccgaa 780
gtgacctgtg tggtggtgga cgtgtcccac gaggacccgg aagtgaaatt caattggtac 840
gtggatggag tggaagtgca caacgccaag accaagccac gggaagaaca gtacaactct 900
acctaccgeg tggtgtcegt gctcactgtg ctgcaccaag actggctgaa cgggaaggag 960

tacaagtgca aagtgtccaa caaggcgctg cctgccccaa ttgagaaaac tatctcgaaa 1020
gccaagggac agcectcgaga accacaggtg tacaccctge ceccatcccg ggatgagetg 1080
ccatacatca tcccaccata caaccaggtc agcctgacct gectggtcaa aggcttctat 1140
cccagegaca tcegecgtgga gtgggagage aatgggcage cggagaacaa ctacaagacce 1200
acgccteceg tgctggacte cgacggctcee ttettectet acagcaaget caccgtgggce 1260
gcagataggt ggctggaagg gaacgtcttc tcatgctceg tgatgcatga ggcgctgcac 1320
aaccactaca ctcagaagag cttgtccctg tcgecccggt 1359
<210> SEQ ID NO 122

<211> LENGTH: 645

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: light chain of FS22-172-003-AA/FS28-256-001

mAb2

<400> SEQUENCE: 122

gaaattgtgce tgacccagtce tccgggcacyg ttatctetga gecctggtga gegegecact 60
ctgtcatgee gggcettcetca aagtgttage agtagctace tggegtggta tcagcaaaaa 120
cegggecagyg ccccgegtet getgatttac ggtgeatcca gecgtgecac cggcattcca 180
gatcgttttt ccggtagtgg ttctgggacyg gacttcacte tgacaatcte acgectggaa 240
ccggaggatt ttgeggtgta ttactgecag caacataatce agtatccgaa tacgttegge 300
caagggacca aggtggaaat caaacgtact gtagcagctce cttecgtgtt catcttteceg 360
cccagtgatg agcagetgaa gtcaggtact getteegtgg tttgectget caacaacttt 420
taccccagag aagccaaagt ccagtggaaa gtggacaatg cgttgcaaag cgggaactcet 480
caggaatccg tcacagagca ggactctaag gactccacct atagectcete tagtacgetg 540

acactgagca aagccgatta cgagaagcac aaggtgtatg cetgtgaggt tacccatcaa 600
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ggccttaget caccagtgac caagagcttce aataggggag aatge

<210>
<211>
<212>
<213>
<220>
<223>

PRT

SEQ ID NO 123
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: heavy chain of

453

mAb2 without LALA

<400> SEQUENCE:

Glu Val Gln Leu

1

Ser

Tyr

Ser

Lys

65

Leu

Ala

Thr

Pro

Gly

145

Asn

Gln

Ser

Ser

Thr

225

Ser

Arg

Pro

Ala

305

Tyr

Thr

Leu

Met

Asn

50

Gly

Gln

Arg

Leu

Leu

130

Cys

Ser

Ser

Ser

Asn

210

His

Val

Thr

Glu

Lys
290
Ser

Lys

Ile

Arg

Ser

35

Ile

Arg

Met

Tyr

Val

115

Ala

Leu

Gly

Ser

Leu

195

Thr

Thr

Phe

Pro

Val

275

Thr

Val

Cys

Ser

Leu

20

Trp

Ser

Phe

Asn

Asn

100

Thr

Pro

Val

Ala

Gly

180

Gly

Lys

Cys

Leu

Glu

260

Lys

Lys

Leu

Lys

Lys
340

123

Leu Glu
5

Ser Cys

Val Arg

Pro Thr

Thr Ile
70

Ser Leu
85

Ala Tyr

Val Ser

Ser Ser

Lys Asp
150

Leu Thr
165

Leu Tyr

Thr Gln

Val Asp

Pro Pro
230

Phe Pro
245

Val Thr

Phe Asn

Pro Arg

Thr Val
310

Val Ser
325

Ala Lys

Ser

Ala

Gln

Tyr

55

Ser

Arg

His

Ser

Lys

135

Tyr

Ser

Ser

Thr

Lys

215

Cys

Pro

Cys

Trp

Glu
295
Leu

Asn

Gly

Gly

Ala

Ala

40

Ser

Arg

Ala

Ala

Ala

120

Ser

Phe

Gly

Leu

Tyr

200

Lys

Pro

Lys

Val

Tyr

280

Glu

His

Lys

Gln

Gly

Ser

25

Pro

Thr

Asp

Glu

Ala

105

Ser

Thr

Pro

Val

Ser

185

Ile

Val

Ala

Pro

Val

265

Val

Gln

Gln

Ala

Pro
345

Gly

10

Gly

Gly

Thr

Asn

Asp

90

Leu

Thr

Ser

Glu

His

170

Ser

Cys

Glu

Pro

Lys

250

Val

Asp

Tyr

Asp

Leu
330

Arg

FS22-172-003-AA/FS28-256-012

Leu

Phe

Lys

Asn

Asn

75

Thr

Asp

Lys

Gly

Pro

155

Thr

Val

Asn

Pro

Glu

235

Asp

Asp

Gly

Asn

Trp
315

Pro

Glu

Val

Thr

Gly

Tyr

60

Lys

Ala

Tyr

Gly

Gly

140

Val

Phe

Val

Val

Lys

220

Leu

Thr

Val

Val

Ser
300
Leu

Ala

Pro

Gln

Phe

Leu

45

Ala

Asn

Val

Trp

Pro

125

Thr

Thr

Pro

Thr

Asn

205

Ser

Leu

Leu

Ser

Glu

285

Thr

Asn

Pro

Gln

Pro

Thr

30

Glu

Asp

Thr

Tyr

Gly

110

Ser

Ala

Val

Ala

Val

190

His

Cys

Gly

Met

His

270

Val

Tyr

Gly

Ile

Val
350

Gly

15

His

Trp

Ser

Leu

Tyr

95

Gln

Val

Ala

Ser

Val

175

Pro

Lys

Asp

Gly

Ile

255

Glu

His

Arg

Lys

Glu
335

Tyr

Gly

Thr

Val

Val

Tyr

80

Cys

Gly

Phe

Leu

Trp

160

Leu

Ser

Pro

Lys

Pro

240

Ser

Asp

Asn

Val

Glu
320

Lys

Thr

645
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Leu Pro Pro
355

Gln Val Ser
370

Ala Val Glu
385

Thr Pro Pro

Leu Thr Val

Ser Val Met

435

Ser Leu Ser

450

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ser Arg Asp Glu Leu

360

Leu Thr Cys Leu Val

375

Trp Glu Ser Asn Gly
390

Val Leu Asp Ser Asp

405

Gly Ala Asp Arg Trp

420

His Glu Ala Leu His

Pro Gly

D NO 124
H: 1359
DNA

440

Pro

Lys

Gln

Gly

Leu

425

Asn

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-012

RE:

mAb2 without LALA

<400> SEQUENCE: 124

gaagtgcaac

agttgcgegg

ccgggcaaag

gecggatageg

ctgcagatga

gegtatcatg

agcactaagg

accgeagecc

aacagcggag

ctgtactcat

atctgtaatg

tcgtgegaca

teggtgttec

gtgacctgty

gtggatggag

acctaccgeg

tacaagtgca

gccaagggac

ccatacatca

cccagegaca

acgecteeeg

gcagataggt

aaccactaca

tgctggagte

ccagtggett

gtctggaatyg

tgaaaggcceg

actcactgeg

ctgctetgga

gecegteggt

tgggctgect

cecctgaccete

tgtccteegt

tcaaccataa

agactcacac

tcttecegee

tggtggtgga

tggaagtgca

tggtgtcegt

aagtgtccaa

agcctegaga

tcccaccata

tcegeegtgga

tgctggacte

ggctggaagg

ctcagaagag

cggtggtgge

taccttcact

ggttagcaat

ttttaccatt

tgccgaagat

ctactgggge

gttecegety

tgtgaaggat

cggagtgeat

ggtcaccgte

gecctegaac

ttgccegect

caagccgaag

cgtgteccac

caacgccaag

gctcactgty

caaggcgetyg

accacaggtyg

caaccaggtce

gtgggagage

cgacggetec

gaacgtctte

cttgteeetyg

Tyr

Gly

Pro

Ser

410

Glu

His

Ile

Phe

Glu

395

Phe

Gly

Tyr

ctggtacage

catacttata

atttctcega

tctegegaca

acggcegtgt

cagggaaccc

gececcategt

tactttceeg

acttteccegyg

ccttegtect

accaaggteg

tgcccagece

gataccctga

gaggacccgyg

accaagccac

ctgcaccaag

cctgecccaa

tacaccctge

agcctgacct

aatgggcagc

ttcttectet

tcatgceteeg

tegeceggt

Ile Pro Pro
365

Tyr Pro Ser
380

Asn Asn Tyr

Phe Leu Tyr

Asn Val Phe

430

Thr Gln Lys
445

cgggtggtte
tgagctgggt
cttatagcac
acaacaagaa
attactgtge
tggtcaccgt
ccaagagcac
agcccgteac
ctgtgettcea
ccctgggeac
acaagaaggt
cggaactget
tgatctcacy
aagtgaaatt
gggaagaaca
actggctgaa
ttgagaaaac
ccccateecey
gectggtcaa
cggagaacaa
acagcaagct

tgatgcatga

Tyr Asn

Asp Ile

Lys Thr

400

Ser Lys
415

Ser Cys

Ser Leu

tctgegtety
gegtcagget
taccaactat
cacgctgtac
gagatacaac
ctcgagtget
atcagggggt
agtgtcctygyg
gtcetetgge
ccagacctat
cgagccgaag
gggtggtect
gacccecgaa
caattggtac
gtacaactct
cgggaaggag
tatctcgaaa
ggatgagetg
aggcttctat
ctacaagacc
caccgtggge

ggcgetgeac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1359
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<210>
<211>
<212>
<213>
<220>
<223>

PRT

SEQ ID NO 125
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: heavy chain of

453

mAb2 with LALA

<400> SEQUENCE:

Glu

1

Ser

Tyr

Ser

Lys

65

Leu

Ala

Thr

Pro

Gly

145

Asn

Gln

Ser

Ser

Thr

225

Ser

Arg

Pro

Ala

305

Tyr

Thr

Val Gln Leu

Leu

Met

Asn

50

Gly

Gln

Arg

Leu

Leu

130

Cys

Ser

Ser

Ser

Asn

210

His

Val

Thr

Glu

Lys

290

Ser

Lys

Ile

Pro

Arg

Ser

35

Ile

Arg

Met

Tyr

Val

115

Ala

Leu

Gly

Ser

Leu

195

Thr

Thr

Phe

Pro

Val

275

Thr

Val

Cys

Ser

Pro
355

Leu

20

Trp

Ser

Phe

Asn

Asn

100

Thr

Pro

Val

Ala

Gly

180

Gly

Lys

Cys

Leu

Glu

260

Lys

Lys

Leu

Lys

Lys

340

Ser

125

Leu

5

Ser

Val

Pro

Thr

Ser

85

Ala

Val

Ser

Lys

Leu

165

Leu

Thr

Val

Pro

Phe

245

Val

Phe

Pro

Thr

Val
325

Ala

Arg

Glu

Cys

Arg

Thr

Ile

Leu

Tyr

Ser

Ser

Asp

150

Thr

Tyr

Gln

Asp

Pro

230

Pro

Thr

Asn

Arg

Val

310

Ser

Lys

Asp

Ser

Ala

Gln

Tyr

55

Ser

Arg

His

Ser

Lys

135

Tyr

Ser

Ser

Thr

Lys

215

Cys

Pro

Cys

Trp

Glu

295

Leu

Asn

Gly

Glu

Gly

Ala

Ala

40

Ser

Arg

Ala

Ala

Ala

120

Ser

Phe

Gly

Leu

Tyr

200

Lys

Pro

Lys

Val

Tyr

280

Glu

His

Lys

Gln

Leu
360

Gly

Ser

25

Pro

Thr

Asp

Glu

Ala

105

Ser

Thr

Pro

Val

Ser

185

Ile

Val

Ala

Pro

Val

265

Val

Gln

Gln

Ala

Pro
345

Pro

Gly

Gly

Gly

Thr

Asn

Asp

90

Leu

Thr

Ser

Glu

His

170

Ser

Cys

Glu

Pro

Lys

250

Val

Asp

Tyr

Asp

Leu
330

Arg

Tyr

FS22-172-003-AA/FS28-256-012

Leu

Phe

Lys

Asn

Asn

75

Thr

Asp

Lys

Gly

Pro

155

Thr

Val

Asn

Pro

Glu

235

Asp

Asp

Gly

Asn

Trp
315
Pro

Glu

Ile

Val

Thr

Gly

Tyr

60

Lys

Ala

Tyr

Gly

Gly

140

Val

Phe

Val

Val

Lys

220

Ala

Thr

Val

Val

Ser

300

Leu

Ala

Pro

Ile

Gln

Phe

Leu

45

Ala

Asn

Val

Trp

Pro

125

Thr

Thr

Pro

Thr

Asn

205

Ser

Ala

Leu

Ser

Glu

285

Thr

Asn

Pro

Gln

Pro
365

Pro

Thr

30

Glu

Asp

Thr

Tyr

Gly

110

Ser

Ala

Val

Ala

Val

190

His

Cys

Gly

Met

His

270

Val

Tyr

Gly

Ile

Val
350

Pro

Gly

His

Trp

Ser

Leu

Tyr

95

Gln

Val

Ala

Ser

Val

175

Pro

Lys

Asp

Gly

Ile

255

Glu

His

Arg

Lys

Glu
335

Tyr

Tyr

Gly

Thr

Val

Val

Tyr

80

Cys

Gly

Phe

Leu

Trp

160

Leu

Ser

Pro

Lys

Pro

240

Ser

Asp

Asn

Val

Glu
320
Lys

Thr

Asn
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Gln Val Ser
370

Ala Val Glu
385

Thr Pro Pro

Leu Thr Val

Ser Val Met

435

Ser Leu Ser

450

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Thr Cys Leu Val

375

Trp Glu Ser Asn Gly
390

Val Leu Asp Ser Asp

405

Gly Ala Asp Arg Trp

420

His Glu Ala Leu His

Pro Gly

D NO 126
H: 1359
DNA

440

Lys Gly Phe
Gln Pro Glu
395

Gly Ser Phe
410

Leu Glu Gly
425

Asn His Tyr

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-012

mAb2

RE:

with LALA

<400> SEQUENCE: 126

gaagtgcaac

agttgcgegg

ccgggcaaag

gecggatageg

ctgcagatga

gegtatcatg

agcactaagg

accgeagecc

aacagcggag

ctgtactcat

atctgtaatg

tcgtgegaca

teggtgttec

gtgacctgty

gtggatggag

acctaccgeg

tacaagtgca

gccaagggac

ccatacatca

cccagegaca

acgecteeeg

gcagataggt

aaccactaca

<210> SEQ I
<211> LENGT.

tgctggagte

ccagtggett

gtctggaatyg

tgaaaggcceg

actcactgeg

ctgctetgga

gecegteggt

tgggctgect

cecctgaccete

tgtccteegt

tcaaccataa

agactcacac

tcttecegee

tggtggtgga

tggaagtgca

tggtgtcegt

aagtgtccaa

agcctegaga

tcccaccata

tcegeegtgga

tgctggacte

ggctggaagg

ctcagaagag

D NO 127
H: 453

cggtggtgge

taccttcact

ggttagcaat

ttttaccatt

tgccgaagat

ctactgggge

gttecegety

tgtgaaggat

cggagtgeat

ggtcaccgte

gecctegaac

ttgccegect

caagccgaag

cgtgteccac

caacgccaag

gctcactgty

caaggcgetyg

accacaggtyg

caaccaggtce

gtgggagage

cgacggetec

gaacgtctte

cttgteeetyg

ctggtacage

catacttata

atttctcega

tctegegaca

acggcegtgt

cagggaaccc

gececcategt

tactttceeg

acttteccegyg

ccttegtect

accaaggteg

tgcccagece

gataccctga

gaggacccgyg

accaagccac

ctgcaccaag

cctgecccaa

tacaccctge

agcctgacct

aatgggcagc

ttcttectet

tcatgceteeg

tegeceggt

Tyr Pro Ser
380

Asn Asn Tyr

Phe Leu Tyr

Asn Val Phe

430

Thr Gln Lys
445

cgggtggtte
tgagctgggt
cttatagcac
acaacaagaa
attactgtge
tggtcaccgt
ccaagagcac
agcccgteac
ctgtgettcea
ccctgggeac
acaagaaggt
cggaagctge
tgatctcacy
aagtgaaatt
gggaagaaca
actggctgaa
ttgagaaaac
ccccateecey
gectggtcaa
cggagaacaa
acagcaagct

tgatgcatga

Asp Ile
Lys Thr
400

Ser Lys
415

Ser Cys

Ser Leu

tctgegtety
gegtcagget
taccaactat
cacgctgtac
gagatacaac
ctcgagtget
atcagggggt
agtgtcctygyg
gtcetetgge
ccagacctat
cgagccgaag
cggtggtect
gacccecgaa
caattggtac
gtacaactct
cgggaaggag
tatctcgaaa
ggatgagetg
aggcttctat
ctacaagacc
caccgtggge

ggcgetgeac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1359



US 12,319,739 B2
303 304

-continued

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-014
mAb2 without LALA

<400> SEQUENCE: 127

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Thr Asp Thr
20 25 30

Tyr Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Asn Ile Ser Pro Thr Tyr Ser Thr Thr Asn Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
Ala Arg Tyr Asn Ala Tyr Ala Ala Gly Leu Asp Tyr Trp Gly Gln Gly
100 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys
210 215 220

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
225 230 235 240

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser
245 250 255

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp
260 265 270

Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn
275 280 285

Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val
290 295 300

Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu
305 310 315 320

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys
325 330 335

Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr
340 345 350

Leu Pro Pro Ser Arg Asp Glu Leu Pro Tyr Ile Ile Pro Pro Tyr Asn
355 360 365

Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile
370 375 380
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-continued

306

Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr
385 390 395 400
Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
405 410 415
Leu Thr Val Gly Ala Asp Arg Trp Leu Glu Gly Asn Val Phe Ser Cys
420 425 430
Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu
435 440 445
Ser Leu Ser Pro Gly
450
<210> SEQ ID NO 128
<211> LENGTH: 1359
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-014

mAb2 without LALA

<400> SEQUENCE: 128

gaagtgcaac

agttgcgegg

ccgggcaaag

gecggatageg

ctgcagatga

gegtatgegg

agcactaagg

accgeagecc

aacagcggag

ctgtactcat

atctgtaatg

tcgtgegaca

teggtgttec

gtgacctgty

gtggatggag

acctaccgeg

tacaagtgca

gccaagggac

ccatacatca

cccagegaca

acgecteeeg

gcagataggt

aaccactaca

<210>
<211>
<212>
<213>
<220>

tgctggagte

ccagtggett

gtctggaatyg

tgaaaggcceg

actcactgeg

cgggtettga

gecegteggt

tgggctgect

cecctgaccete

tgtccteegt

tcaaccataa

agactcacac

tcttecegee

tggtggtgga

tggaagtgca

tggtgtcegt

aagtgtccaa

agcctegaga

tcccaccata

tcegeegtgga

tgctggacte

ggctggaagg

ctcagaagag

SEQ ID NO 129
LENGTH: 453

TYPE :
ORGANISM: Artificial Sequence
FEATURE:

PRT

cggtggtgge

taccttcact

ggttagcaat

ttttaccatt

tgccgaagat

ctactgggge

gttecegety

tgtgaaggat

cggagtgeat

ggtcaccgte

gecctegaac

ttgccegect

caagccgaag

cgtgteccac

caacgccaag

gctcactgty

caaggcgetyg

accacaggtyg

caaccaggtce

gtgggagage

cgacggetec

gaacgtctte

cttgteeetyg

ctggtacage cgggtggtte

gatacttata tgagctgggt

atttctcecga cttatagcac

tctegegaca acagcaagaa

acggcegtgt attactgtge

cagggaaccce tggtcaccgt

gececategt ccaagagcac

tactttceceyg agcccgtcac

actttccegyg ctgtgettca

ccttegtect cectgggeac

accaaggtcyg acaagaaggt

tgcccagece cggaactget

gataccctga tgatctcacg

gaggaccegg aagtgaaatt

accaagccac gggaagaaca

ctgcaccaag actggctgaa

cctgecccaa ttgagaaaac

tacaccctge ccccatceceg

agcctgacct gectggtcaa

aatgggcagc cggagaacaa

ttcttectet acagcaaget

tcatgcteeyg tgatgcatga

tegeceggt

tctgegtety

gegtcagget

taccaactat

cacgctgtac

gagatacaac

ctcgagtget

atcagggggt

agtgtcctygyg

gtcetetgge

ccagacctat

cgagccgaag

gggtggtcct

gacccecgaa

caattggtac

gtacaactct

c¢gggaaggag

tatctcgaaa

ggatgagctg

aggcttctat

ctacaagacc

caccgtggge

ggcgetgeac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1359



US 12,319,739 B2
307 308

-continued

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-014
mAb2 with LALA

<400> SEQUENCE: 129

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Thr Asp Thr
20 25 30

Tyr Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Asn Ile Ser Pro Thr Tyr Ser Thr Thr Asn Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Tyr Asn Ala Tyr Ala Ala Gly Leu Asp Tyr Trp Gly Gln Gly
100 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys
210 215 220

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Ala Ala Gly Gly Pro
225 230 235 240

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser
245 250 255

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp
260 265 270

Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn
275 280 285

Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val
290 295 300

Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu
305 310 315 320

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys
325 330 335

Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr
340 345 350

Leu Pro Pro Ser Arg Asp Glu Leu Pro Tyr Ile Ile Pro Pro Tyr Asn
355 360 365

Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile
370 375 380

Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr
385 390 395 400
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-continued

310

Thr Pro Pro

Leu Thr Val

Ser Val Met

435

Ser Leu Ser

450

<210> SEQ I
<211> LENGT.
<212> TYPE:

Val Leu Asp Ser Asp Gly Ser

405

Gly Ala Asp Arg Trp Leu Glu Gly Asn Val
425

420

His Glu Ala Leu His Asn His

Pro Gly

D NO 130
H: 1359
DNA

440

410

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-014

mAb2

<400> SEQUE:

gaagtgcaac

agttgcgegg

ccgggcaaag

gecggatageg

ctgcagatga

gegtatgegg

agcactaagg

accgeagecc

aacagcggag

ctgtactcat

atctgtaatg

tcgtgegaca

teggtgttec

gtgacctgty

gtggatggag

acctaccgeg

tacaagtgca

gccaagggac

ccatacatca

cccagegaca

acgecteeeg

gcagataggt
aaccactaca

<210> SEQ I

<211> LENGT.
<212> TYPE:

RE:

with LALA

NCE: 130

tgctggagte

ccagtggett

gtctggaatyg

tgaaaggcceg

actcactgeg

cgggtettga

gecegteggt

tgggctgect

cecctgaccete

tgtccteegt

tcaaccataa

agactcacac

tcttecegee

tggtggtgga

tggaagtgca

tggtgtcegt

aagtgtccaa

agcctegaga

tcccaccata

tcegeegtgga

tgctggacte

ggctggaagg

ctcagaagag

D NO 131

H: 453
PRT

cggtggtgge
taccttcact
ggttagcaat
ttttaccatt
tgccgaagat
ctactgggge
gttecegety
tgtgaaggat
cggagtgeat
ggtcaccgte
gecctegaac
ttgccegect
caagccgaag
cgtgteccac
caacgccaag
gctcactgty
caaggcgetyg
accacaggtyg
caaccaggtce
gtgggagage
cgacggetec
gaacgtctte

cttgteeetyg

ctggtacage

gatacttata

atttctcega

tctegegaca

acggcegtgt

cagggaaccc

gececcategt

tactttceeg

acttteccegyg

ccttegtect

accaaggteg

tgcccagece

gataccctga

gaggacccgyg

accaagccac

ctgcaccaag

cctgecccaa

tacaccctge

agcctgacct

aatgggcagc

ttcttectet

tcatgceteeg

tegeceggt

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-018

RE:

mAb2 without LALA

Tyr Thr Gln Lys

445

cgggtggtte
tgagctgggt
cttatagcac
acagcaagaa
attactgtge
tggtcaccgt
ccaagagcac
agcccgteac
ctgtgettcea
ccctgggeac
acaagaaggt
cggaagctge
tgatctcacy
aagtgaaatt
gggaagaaca
actggctgaa
ttgagaaaac
ccccateecey
gectggtcaa
cggagaacaa
acagcaagct

tgatgcatga

Phe
430

Phe Phe Leu Tyr Ser Lys

415

Ser Cys

Ser Leu

tctgegtety
gegtcagget
taccaactat
cacgctgtac
gagatacaac
ctcgagtget
atcagggggt
agtgtcctygyg
gtcetetgge
ccagacctat
cgagccgaag
cggtggtect
gacccecgaa
caattggtac
gtacaactct
cgggaaggag
tatctcgaaa
ggatgagcetg
aggcttctat
ctacaagacc
caccgtggge

ggcgetgeac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1359



US 12,319,739 B2
311 312

-continued

<400> SEQUENCE: 131

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Thr Gln Thr
20 25 30

Tyr Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Asn Ile Ser Pro Thr Tyr Ser Thr Thr Asn Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Tyr Asn Ala Tyr Gln Ile Gly Leu Asp Tyr Trp Gly Gln Gly
100 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys
210 215 220

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
225 230 235 240

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser
245 250 255

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp
260 265 270

Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn
275 280 285

Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val
290 295 300

Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu
305 310 315 320

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys
325 330 335

Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr
340 345 350

Leu Pro Pro Ser Arg Asp Glu Leu Pro Tyr Ile Ile Pro Pro Tyr Asn
355 360 365

Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile
370 375 380

Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr
385 390 395 400

Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
405 410 415



313
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-continued

314

Leu Thr Val Gly Ala Asp Arg Trp Leu Glu Gly Asn Val Phe Ser Cys

Ser Val Met His
435

420

Ser Leu Ser Pro Gly

450

<210> SEQ ID NO 132
<211> LENGTH: 1359

<212> TYPE:

DNA

440

425

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-018

mAb2 without LALA

<400> SEQUENCE: 132

gaagtgcaac

agttgcgegg

ccgggcaaag

gecggatageg

ctgcagatga

gcttatcaga

agcactaagg

accgeagecc

aacagcggag

ctgtactcat

atctgtaatg

tcgtgegaca

teggtgttec

gtgacctgty

gtggatggag

acctaccgeg

tacaagtgca

gccaagggac

ccatacatca

cccagegaca

acgecteeeg

gcagataggt

aaccactaca

tgctggagte

ccagtggett

gtctggaatyg

tgaaaggcceg

actcactgeg

ttgggttgga

gecegteggt

tgggctgect

cecctgaccete

tgtccteegt

tcaaccataa

agactcacac

tcttecegee

tggtggtgga

tggaagtgca

tggtgtcegt

aagtgtccaa

agcctegaga

tcccaccata

tcegeegtgga

tgctggacte

ggctggaagg

ctcagaagag

<210> SEQ ID NO 133
<211> LENGTH: 453

<212> TYPE:

PRT

cggtggtgge
taccttcact
ggttagcaat
ttttaccatt
tgccgaagat
ctactgggge
gttecegety
tgtgaaggat
cggagtgeat
ggtcaccgte
gecctegaac
ttgccegect
caagccgaag
cgtgteccac
caacgccaag
gctcactgty
caaggcgetyg
accacaggtyg
caaccaggtce
gtgggagage
cgacggetec
gaacgtctte

cttgteeetyg

ctggtacage

cagacttata

atttctcega

tctegegaca

acggcegtgt

cagggaaccc

gececcategt

tactttceeg

acttteccegyg

ccttegtect

accaaggteg

tgcccagece

gataccctga

gaggacccgyg

accaagccac

ctgcaccaag

cctgecccaa

tacaccctge

agcctgacct

aatgggcagc

ttcttectet

tcatgceteeg

tegeceggt

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-018

mAb2

with LALA

<400> SEQUENCE: 133

430

445

cgggtggtte
tgagctgggt
cttatagcac
acagcaagaa
attactgtge
tggtcaccgt
ccaagagcac
agcccgteac
ctgtgettcea
ccctgggeac
acaagaaggt
cggaactget
tgatctcacy
aagtgaaatt
gggaagaaca
actggctgaa
ttgagaaaac
ccccateecey
gectggtcaa
cggagaacaa
acagcaagct

tgatgcatga

Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu

tctgegtety

gegtcagget

taccaactat

cacgctgtac

gagatacaac

ctcgagtget

atcagggggt

agtgtcctygyg

gtcetetgge

ccagacctat

cgagccgaag

gggtggtcct

gacccecgaa

caattggtac

gtacaactct

c¢gggaaggag

tatctcgaaa

ggatgagctg

aggcttctat

ctacaagacc

caccgtggge

ggcgetgeac

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1359



US 12,319,739 B2
315 316

-continued

1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Thr Gln Thr
20 25 30

Tyr Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Asn Ile Ser Pro Thr Tyr Ser Thr Thr Asn Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Tyr Asn Ala Tyr Gln Ile Gly Leu Asp Tyr Trp Gly Gln Gly
100 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys
210 215 220

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Ala Ala Gly Gly Pro
225 230 235 240

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser
245 250 255

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp
260 265 270

Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn
275 280 285

Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val
290 295 300

Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu
305 310 315 320

Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys
325 330 335

Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr
340 345 350

Leu Pro Pro Ser Arg Asp Glu Leu Pro Tyr Ile Ile Pro Pro Tyr Asn
355 360 365

Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile
370 375 380

Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr
385 390 395 400

Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
405 410 415

Leu Thr Val Gly Ala Asp Arg Trp Leu Glu Gly Asn Val Phe Ser Cys
420 425 430
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-continued

318

Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu

435

Ser Leu Ser Pro Gly

450

<210> SEQ ID NO 134
<211> LENGTH: 1359

<212> TYPE:

DNA

440

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-018

mAb2

with LALA

<400> SEQUENCE: 134

gaagtgcaac

agttgcgegg

ccgggcaaag

gecggatageg

ctgcagatga

gcttatcaga

agcactaagg

accgeagecc

aacagcggag

ctgtactcat

atctgtaatg

tcgtgegaca

teggtgttec

gtgacctgty

gtggatggag

acctaccgeg

tacaagtgca

gccaagggac

ccatacatca

cccagegaca

acgecteeeg

gcagataggt

aaccactaca

tgctggagte

ccagtggett

gtctggaatyg

tgaaaggcceg

actcactgeg

ttgggttgga

gecegteggt

tgggctgect

cecctgaccete

tgtccteegt

tcaaccataa

agactcacac

tcttecegee

tggtggtgga

tggaagtgca

tggtgtcegt

aagtgtccaa

agcctegaga

tcccaccata

tcegeegtgga

tgctggacte

ggctggaagg

ctcagaagag

<210> SEQ ID NO 135
<211> LENGTH: 446

<212> TYPE:

PRT

cggtggtgge
taccttcact
ggttagcaat
ttttaccatt
tgccgaagat
ctactgggge
gttecegety
tgtgaaggat
cggagtgeat
ggtcaccgte
gecctegaac
ttgccegect
caagccgaag
cgtgteccac
caacgccaag
gctcactgty
caaggcgetyg
accacaggtyg
caaccaggtce
gtgggagage
cgacggetec
gaacgtctte

cttgteeetyg

ctggtacage

cagacttata

atttctcega

tctegegaca

acggcegtgt

cagggaaccc

gececcategt

tactttceeg

acttteccegyg

ccttegtect

accaaggteg

tgcccagece

gataccctga

gaggacccgyg

accaagccac

ctgcaccaag

cctgecccaa

tacaccctge

agcctgacct

aatgggcagc

ttcttectet

tcatgceteeg

tegeceggt

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: heavy chain of FS28m-228 mAb

<400> SEQUENCE: 135

445

cgggtggtte
tgagctgggt
cttatagcac
acagcaagaa
attactgtge
tggtcaccgt
ccaagagcac
agcccgteac
ctgtgettcea
ccctgggeac
acaagaaggt
cggaagctge
tgatctcacy
aagtgaaatt
gggaagaaca
actggctgaa
ttgagaaaac
ccccateecey
gectggtcaa
cggagaacaa
acagcaagct

tgatgcatga

tctgegtety

gegtcagget

taccaactat

cacgctgtac

gagatacaac

ctcgagtget

atcagggggt

agtgtcctygyg

gtcetetgge

ccagacctat

cgagccgaag

cggtggtect

gacccecgaa

caattggtac

gtacaactct

c¢gggaaggag

tatctcgaaa

ggatgagctg

aggcttctat

ctacaagacc

caccgtggge

ggcgetgeac

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1

5

10

15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Thr Tyr

20

25

30

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1359
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319

-continued

320

Phe

Ser

Lys

65

Leu

Ala

Leu

Leu

Cys

145

Ser

Ser

Ser

Asn

His

225

Thr

Glu

Lys

Ser

305

Lys

Ile

Pro

Gly
385

Asp

Trp

Met

Met

50

Gly

Gln

Arg

Val

Ala

130

Leu

Gly

Ser

Leu

Thr

210

Thr

Phe

Pro

Val

Thr

290

Val

Cys

Ser

Ser

Lys

370

Gln

Gly

Gln

Asn

Val

Ile

Arg

Met

Trp

Thr

115

Pro

Val

Ala

Gly

Gly

195

Lys

Cys

Leu

Glu

Lys

275

Lys

Leu

Lys

Lys

Arg

355

Gly

Pro

Ser

Gln

His
435

Trp

Ser

Phe

Asn

Phe

100

Val

Ser

Lys

Leu

Leu

180

Thr

Val

Pro

Phe

Val

260

Phe

Pro

Thr

Val

Ala

340

Asp

Phe

Glu

Phe

Gly

420

Tyr

Val

Pro

Thr

Ser

85

Thr

Ser

Ser

Asp

Thr

165

Tyr

Gln

Asp

Pro

Pro

245

Thr

Asn

Arg

Val

Ser

325

Lys

Glu

Tyr

Asn

Phe
405

Asn

Thr

Arg

Lys

Ile

70

Leu

Pro

Ser

Lys

Tyr

150

Ser

Ser

Thr

Lys

Cys

230

Pro

Cys

Trp

Glu

Leu

310

Asn

Gln

Leu

Pro

Asn

390

Leu

Val

Gln

Gln Ala Pro Gly Lys Gly Leu Glu Trp
Ser Ser Asn Thr Tyr Tyr Ala Asp Ser
55 60

Ser Arg Asp Asn Ser Lys Asn Thr Leu
75

Arg Ala Glu Asp Thr Ala Val Tyr Tyr
90 95

Ala Arg Phe Asp Tyr Trp Gly Gln Gly
105 110

Ala Ser Thr Lys Gly Pro Ser Val Phe
120 125

Ser Thr Ser Gly Gly Thr Ala Ala Leu
135 140

Phe Pro Glu Pro Val Thr Val Ser Trp
155

Gly Val His Thr Phe Pro Ala Val Leu
170 175

Leu Ser Ser Val Val Thr Val Pro Ser
185 190

Tyr Ile Cys Asn Val Asn His Lys Pro
200 205

Lys Val Glu Pro Lys Ser Cys Asp Lys
215 220

Pro Ala Pro Glu Ala Ala Gly Gly Pro
235

Lys Pro Lys Asp Thr Leu Met Ile Ser
250 255

Val Val Val Asp Val Ser His Glu Asp
265 270

Tyr Val Asp Gly Val Glu Val His Asn
280 285

Glu Gln Tyr Asn Ser Thr Tyr Arg Val
295 300

His Gln Asp Trp Leu Asn Gly Lys Glu
315

Lys Ala Leu Pro Ala Pro Ile Glu Lys
330 335

Pro Arg Glu Pro Gln Val Tyr Thr Leu
345 350

Thr Lys Asn Gln Val Ser Leu Thr Cys
360 365

Ser Asp Ile Ala Val Glu Trp Glu Ser
375 380

Tyr Lys Thr Thr Pro Pro Val Leu Asp
395

Tyr Ser Lys Leu Thr Val Asp Lys Ser
410 415

Phe Ser Cys Ser Val Met His Glu Ala
425 430

Lys Ser Leu Ser Leu Ser Pro Gly
440 445

Val

Val

Tyr

80

Cys

Thr

Pro

Gly

Asn

160

Gln

Ser

Ser

Thr

Ser

240

Arg

Pro

Ala

Val

Tyr

320

Thr

Pro

Leu

Asn

Ser
400

Arg

Leu
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-continued

322

<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

Glu

1

Glu

Tyr

Ile

Gly

65

Pro

Phe

Ala

Gly

Ala

145

Gln

Ser

Tyr

Ser

<210>
<211>
<212>
<213>
<220>
<223>

Ile

Arg

Leu

Tyr

50

Ser

Glu

Thr

Pro

Thr

130

Lys

Glu

Ser

Ala

Phe
210

Val

Ala

Ala

35

Gly

Gly

Asp

Phe

Ser

115

Ala

Val

Ser

Thr

Cys

195

Asn

Leu

Thr

20

Trp

Ala

Ser

Phe

Gly

100

Val

Ser

Gln

Val

Leu

180

Glu

Arg

PRT

<400> SEQUENCE:

Glu
1

Ser

Phe

Ser

Lys

65

Leu

Val Gln Leu

Leu

Met

Met

50

Gly

Gln

Arg

Val

35

Ile

Arg

Met

Leu

20

Trp

Ser

Phe

Asn

SEQ ID NO 136
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

215

136

Thr Gln
5

Leu Ser

Tyr Gln

Ser Ser

Gly Thr

70

Ala Val
85

Gln Gly

Phe Ile

Val Val

Trp Lys

150
Thr Glu
165
Thr Leu

Val Thr

Gly Glu

SEQ ID NO 137
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: heavy chain of

447

137

Leu Glu
5

Ser Cys

Val Arg

Pro Lys

Thr Ile

70

Ser Leu
85

light chain of

Ser

Cys

Gln

Arg

55

Asp

Tyr

Thr

Phe

Cys

135

Val

Gln

Ser

His

Cys
215

Ser

Ala

Gln

Ser

55

Ser

Arg

Pro

Arg

Lys

40

Ala

Phe

Tyr

Lys

Pro

120

Leu

Asp

Asp

Lys

Gln
200

Gly

Ala

Ala

40

Ser

Arg

Ala

Gly

Ala

Pro

Thr

Thr

Cys

Val

105

Pro

Leu

Asn

Ser

Ala

185

Gly

Gly

Ser

25

Pro

Asn

Asp

Glu

Thr

10

Ser

Gly

Gly

Leu

Gln

90

Glu

Ser

Asn

Ala

Lys

170

Asp

Leu

Gly

10

Gly

Gly

Thr

Asn

Asp
90

FS28m-228 mAb

Leu

Gln

Gln

Ile

Thr

75

Gln

Ile

Asp

Asn

Leu

155

Asp

Tyr

Ser

FS22m-063-AA/FS28m-228 mAb2

Leu

Phe

Lys

Tyr

Ser

75

Thr

Ser

Ser

Ala

Pro

60

Ile

Pro

Lys

Glu

Phe

140

Gln

Ser

Glu

Ser

Val

Thr

Gly

Tyr

60

Lys

Ala

Leu

Val

Pro

45

Asp

Ser

Phe

Arg

Gln

125

Tyr

Ser

Thr

Lys

Pro
205

Gln

Phe

Leu

45

Ala

Asn

Val

Ser

Ser

30

Arg

Arg

Arg

Pro

Thr

110

Leu

Pro

Gly

Tyr

His

190

Val

Pro

Ser

30

Glu

Asp

Thr

Tyr

Pro

15

Ser

Leu

Phe

Leu

Phe

95

Val

Lys

Arg

Asn

Ser

175

Lys

Thr

Gly

15

Thr

Trp

Ser

Leu

Tyr
95

Gly

Ser

Leu

Ser

Glu

80

Ser

Ala

Ser

Glu

Ser

160

Leu

Val

Lys

Gly

Tyr

Val

Val

Tyr

80

Cys
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323 324

-continued

Ala Arg Trp Phe Thr Pro Ala Arg Phe Asp Tyr Trp Gly Gln Gly Thr
100 105 110

Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro
115 120 125

Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly
130 135 140

Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn
145 150 155 160

Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln
165 170 175

Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser
180 185 190

Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser
195 200 205

Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys Thr
210 215 220

His Thr Cys Pro Pro Cys Pro Ala Pro Glu Ala Ala Gly Gly Pro Ser
225 230 235 240

Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg
245 250 255

Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro
260 265 270

Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala
275 280 285

Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val
290 295 300

Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr
305 310 315 320

Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr
325 330 335

Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu
340 345 350

Pro Pro Ser Arg Asp Glu Pro Tyr Trp Ser Tyr Val Ser Leu Thr Cys
355 360 365

Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser
370 375 380

Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp
385 390 395 400

Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Met Asn Tyr
405 410 415

Arg Trp Glu Leu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala
420 425 430

Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly
435 440 445

<210> SEQ ID NO 138

<211> LENGTH: 445

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of GlAA/HelD1.3 mAb

<400> SEQUENCE: 138

Gln Val Gln Leu Gln Glu Ser Gly Pro Gly Leu Val Arg Pro Ser Gln
1 5 10 15
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325

-continued

326

Thr

Gly

Gly

Ser

65

Arg

Arg

Thr

Pro

145

Ala

Gly

Gly

Lys

Cys

225

Leu

Glu

Lys

Lys

Leu

305

Lys

Lys

Ser

Lys

Gln
385

Gly

Gln

Leu

Val

Met

50

Arg

Leu

Glu

Val

Ser

130

Lys

Leu

Leu

Thr

Val

210

Pro

Phe

Val

Phe

Pro

290

Thr

Val

Ala

Arg

Gly

370

Pro

Ser

Gln

Ser

Asn

35

Ile

Val

Ser

Arg

Ser

115

Ser

Asp

Thr

Tyr

Gln

195

Asp

Pro

Pro

Thr

Asn

275

Arg

Val

Ser

Lys

Asp

355

Phe

Glu

Phe

Gly

Leu

20

Trp

Trp

Thr

Ser

Asp

100

Ser

Lys

Tyr

Ser

Ser

180

Thr

Lys

Cys

Pro

Cys

260

Trp

Glu

Leu

Asn

Gly

340

Glu

Tyr

Asn

Phe

Asn
420

Thr

Val

Gly

Met

Val

85

Tyr

Ala

Ser

Phe

Gly

165

Leu

Tyr

Lys

Pro

Lys

245

Val

Tyr

Glu

His

Lys

325

Gln

Leu

Pro

Asn

Leu

405

Val

Cys

Arg

Asp

Leu

70

Thr

Arg

Ser

Thr

Pro

150

Val

Ser

Ile

Val

Ala

230

Pro

Val

Val

Gln

Gln

310

Ala

Pro

Thr

Ser

Tyr
390

Tyr

Phe

Thr Val Ser Gly Ser Thr Phe Ser Gly
25 30

Gln Pro Pro Gly Arg Gly Leu Glu Trp
40 45

Gly Asn Thr Asp Tyr Asn Ser Ala Leu
55 60

Val Asp Thr Ser Lys Asn Gln Phe Ser
75

Ala Ala Asp Thr Ala Val Tyr Tyr Cys
90 95

Leu Asp Tyr Trp Gly Gln Gly Ser Leu
105 110

Thr Lys Gly Pro Ser Val Phe Pro Leu
120 125

Ser Gly Gly Thr Ala Ala Leu Gly Cys
135 140

Glu Pro Val Thr Val Ser Trp Asn Ser
155

His Thr Phe Pro Ala Val Leu Gln Ser
170 175

Ser Val Val Thr Val Pro Ser Ser Ser
185 190

Cys Asn Val Asn His Lys Pro Ser Asn
200 205

Glu Pro Lys Ser Cys Asp Lys Thr His
215 220

Pro Glu Ala Ala Gly Gly Pro Ser Val
235

Lys Asp Thr Leu Met Ile Ser Arg Thr
250 255

Val Asp Val Ser His Glu Asp Pro Glu
265 270

Asp Gly Val Glu Val His Asn Ala Lys
280 285

Tyr Asn Ser Thr Tyr Arg Val Val Ser
295 300

Asp Trp Leu Asn Gly Lys Glu Tyr Lys
315

Leu Pro Ala Pro Ile Glu Lys Thr Ile
330 335

Arg Glu Pro Gln Val Tyr Thr Leu Pro
345 350

Lys Asn Gln Val Ser Leu Thr Cys Leu
360 365

Asp Ile Ala Val Glu Trp Glu Ser Asn
375 380

Lys Thr Thr Pro Pro Val Leu Asp Ser
395

Ser Lys Leu Thr Val Asp Lys Ser Arg
410 415

Ser Cys Ser Val Met His Glu Ala Leu
425 430

Tyr

Ile

Lys

Leu

80

Ala

Val

Ala

Leu

Gly

160

Ser

Leu

Thr

Thr

Phe

240

Pro

Val

Thr

Val

Cys

320

Ser

Pro

Val

Gly

Asp

400

Trp

His
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327 328

-continued

Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly
435 440 445

<210> SEQ ID NO 139

<211> LENGTH: 214

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: light chain of GlAA/HelD1.3 mAb

<400> SEQUENCE: 139

Asp Ile Gln Met Thr Gln Ser Pro Ala Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Glu Thr Val Thr Ile Thr Cys Arg Ala Ser Gly Asn Ile His Asn Tyr
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Gln Gly Lys Ser Pro Gln Leu Leu Val
35 40 45

Tyr Asn Ala Lys Thr Leu Ala Asp Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Gln Tyr Ser Leu Lys Ile Asn Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Gly Ser Tyr Tyr Cys Gln His Phe Trp Ser Thr Pro Arg
85 90 95

Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys Arg Thr Val Ala Ala
100 105 110

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
115 120 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln
145 150 155 160

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 190

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys
210

<210> SEQ ID NO 140

<211> LENGTH: 448

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: GlAA/SS1 mAb heavy chain with LALA

<400> SEQUENCE: 140

Gln Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Glu Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr Gly Tyr
20 25 30

Thr Met Asn Trp Val Lys Gln Ser His Gly Lys Ser Leu Glu Trp Ile
35 40 45

Gly Leu Ile Thr Pro Tyr Asn Gly Ala Ser Ser Tyr Asn Gln Lys Phe
50 55 60

Arg Gly Lys Ala Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 80
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329

-continued

330

Met

Ala

Thr

Pro

Gly

145

Asn

Gln

Ser

Ser

Thr

225

Ser

Arg

Pro

Ala

305

Tyr

Thr

Leu

Cys

Ser

385

Asp

Ser

Ala

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Asp

Arg

Pro

Leu

130

Cys

Ser

Ser

Ser

Asn

210

His

Val

Thr

Glu

Lys

290

Ser

Lys

Ile

Pro

Leu

370

Asn

Ser

Arg

Leu

Leu

Gly

Val

115

Ala

Leu

Gly

Ser

Leu

195

Thr

Thr

Phe

Pro

Val

275

Thr

Val

Cys

Ser

Pro

355

Val

Gly

Asp

Trp

His
435

Leu

Gly

100

Thr

Pro

Val

Ala

Gly

180

Gly

Lys

Cys

Leu

Glu

260

Lys

Lys

Leu

Lys

Lys

340

Ser

Lys

Gln

Gly

Gln
420

Asn

PRT

SEQUENCE :

Ser

Tyr

Val

Ser

Lys

Leu

165

Leu

Thr

Val

Pro

Phe

245

Val

Phe

Pro

Thr

Val

325

Ala

Arg

Gly

Pro

Ser

405

Gln

His

SEQ ID NO 141
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: G1AA/SS1 mAb light chain

213

141

Leu

Asp

Ser

Ser

Asp

150

Thr

Tyr

Gln

Asp

Pro

230

Pro

Thr

Asn

Arg

Val

310

Ser

Lys

Asp

Phe

Glu

390

Phe

Gly

Tyr

Thr Ser Glu Asp Ser Ala Val Tyr Phe
Gly Arg Gly Phe Asp Tyr Trp Gly Ser
105 110

Ser Ala Ser Thr Lys Gly Pro Ser Val
120 125

Lys Ser Thr Ser Gly Gly Thr Ala Ala
135 140

Tyr Phe Pro Glu Pro Val Thr Val Ser
155

Ser Gly Val His Thr Phe Pro Ala Val
170 175

Ser Leu Ser Ser Val Val Thr Val Pro
185 190

Thr Tyr Ile Cys Asn Val Asn His Lys
200 205

Lys Lys Val Glu Pro Lys Ser Cys Asp
215 220

Cys Pro Ala Pro Glu Ala Ala Gly Gly
235

Pro Lys Pro Lys Asp Thr Leu Met Ile
250 255

Cys Val Val Val Asp Val Ser His Glu
265 270

Trp Tyr Val Asp Gly Val Glu Val His
280 285

Glu Glu Gln Tyr Asn Ser Thr Tyr Arg
295 300

Leu His Gln Asp Trp Leu Asn Gly Lys
315

Asn Lys Ala Leu Pro Ala Pro Ile Glu
330 335

Gly Gln Pro Arg Glu Pro Gln Val Tyr
345 350

Glu Leu Thr Lys Asn Gln Val Ser Leu
360 365

Tyr Pro Ser Asp Ile Ala Val Glu Trp
375 380

Asn Asn Tyr Lys Thr Thr Pro Pro Val
395

Phe Leu Tyr Ser Lys Leu Thr Val Asp
410 415

Asn Val Phe Ser Cys Ser Val Met His
425 430

Thr Gln Lys Ser Leu Ser Leu Ser Pro
440 445

Cys

Gly

Phe

Leu

Trp

160

Leu

Ser

Pro

Lys

Pro

240

Ser

Asp

Asn

Val

Glu

320

Lys

Thr

Thr

Glu

Leu

400

Lys

Glu

Gly
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331

-continued

332

Asp

Glu

Asp

Gly

Asp

Phe

Ser

Ala

145

Ser

Thr

Cys

Asn

<210>
<211>
<212>
<213>
<220>
<223>

Ile

Lys

Trp

Thr

50

Ser

Asp

Gly

Val

Ser

130

Gln

Val

Leu

Glu

Arg
210

Glu

Val

Tyr

35

Ser

Gly

Ala

Ser

Phe

115

Val

Trp

Thr

Thr

Val

195

Gly

Leu

Thr

20

Gln

Lys

Asn

Thr

Gly

100

Ile

Val

Lys

Glu

Leu

180

Thr

Glu

PRT

terminus)

<400> SEQUENCE:

Glu

1

Asp

Asp

Phe

Tyr

65

Phe

Leu

Ser

Gln

Val Glu Lys

Glu

Ala

Thr

50

Pro

Leu

Glu

Pro

Leu

Ser

Ala

35

Tyr

Gln

Lys

Thr

Gln
115

Asp

Leu

20

Leu

Glu

Gly

Met

Leu

100

Val

Lys

Thr

Met

Gln

Leu

Ser

Tyr

85

Thr

Phe

Cys

Val

Gln

165

Ser

His

Cys

SEQ ID NO 142
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Synthetic-Human MSLN (without MPF and C

303

142

Thr

5

Ile

Leu

Gln

Tyr

Ser

85

Lys

Ala

Asp

Gln

Thr

Lys

Ala

Tyr

70

Tyr

Lys

Pro

Leu

Asp

150

Asp

Lys

Gln

Ala

Phe

Ala

Leu

Pro

70

Pro

Ala

Thr

Thr

Ser Pro Ala Ile Met Ser Ala Ser Pro
Cys Ser Ala Ser Ser Ser Val Ser Tyr
25 30

Ser Gly Thr Ser Pro Lys Arg Trp Ile
40 45

Ser Gly Val Pro Gly Arg Phe Ser Gly
55 60

Ser Leu Thr Ile Ser Ser Val Glu Ala
75

Cys Gln Gln Trp Ser Lys His Pro Leu
90 95

Val Glu Ile Lys Arg Thr Val Ala Ala
105 110

Pro Ser Asp Glu Gln Leu Lys Ser Gly
120 125

Leu Asn Asn Phe Tyr Pro Arg Glu Ala
135 140

Asn Ala Leu Gln Ser Gly Asn Ser Gln
155

Ser Lys Asp Ser Thr Tyr Ser Leu Ser
170 175

Ala Asp Tyr Glu Lys His Lys Val Tyr
185 190

Gly Leu Ser Ser Pro Val Thr Lys Ser
200 205

Cys Pro Ser Gly Lys Lys Ala Arg Glu
10 15

Tyr Lys Lys Trp Glu Leu Glu Ala Cys
25 30

Thr Gln Met Asp Arg Val Asn Ala Ile
40 45

Asp Val Leu Lys His Lys Leu Asp Glu
55 60

Glu Ser Val Ile Gln His Leu Gly Tyr
75

Glu Asp Ile Arg Lys Trp Asn Val Thr
90 95

Leu Leu Glu Val Asn Lys Gly His Glu
105 110

Leu Ile Asp Arg Phe Val Lys Gly Arg
120 125

Leu Asp Thr Leu Thr Ala Phe Tyr Pro

Gly

Met

Tyr

Ser

Glu

80

Thr

Pro

Thr

Lys

Glu

160

Ser

Ala

Phe

Ile

Val

Pro

Leu

Leu

80

Ser

Met

Gly

Gly



US 12,319,739 B2
333 334

-continued

130 135 140

Tyr Leu Cys Ser Leu Ser Pro Glu Glu Leu Ser Ser Val Pro Pro Ser
145 150 155 160

Ser Ile Trp Ala Val Arg Pro Gln Asp Leu Asp Thr Cys Asp Pro Arg
165 170 175

Gln Leu Asp Val Leu Tyr Pro Lys Ala Arg Leu Ala Phe Gln Asn Met
180 185 190

Asn Gly Ser Glu Tyr Phe Val Lys Ile Gln Ser Phe Leu Gly Gly Ala
195 200 205

Pro Thr Glu Asp Leu Lys Ala Leu Ser Gln Gln Asn Val Ser Met Asp
210 215 220

Leu Ala Thr Phe Met Lys Leu Arg Thr Asp Ala Val Leu Pro Leu Thr
225 230 235 240

Val Ala Glu Val Gln Lys Leu Leu Gly Pro His Val Glu Gly Leu Lys
245 250 255

Ala Glu Glu Arg His Arg Pro Val Arg Asp Trp Ile Leu Arg Gln Arg
260 265 270

Gln Asp Asp Leu Asp Thr Leu Gly Leu Gly Leu Gln Gly Gly Ile Pro
275 280 285

Asn Gly Tyr Leu Val Leu Asp Leu Ser Met Gln Glu Ala Leu Ser
290 295 300

<210> SEQ ID NO 143

<211> LENGTH: 303

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic-Cynomolgus MSLN (without MPF and C
terminus)

<400> SEQUENCE: 143

Asp Val Glu Arg Thr Thr Cys Pro Pro Glu Lys Glu Val His Glu Ile
1 5 10 15

Asp Glu Ser Leu Ile Phe Tyr Lys Lys Arg Glu Leu Glu Ala Cys Val
20 25 30

Asp Ala Ala Leu Leu Ala Ala Gln Met Asp Arg Val Asp Ala Ile Pro
35 40 45

Phe Thr Tyr Glu Gln Leu Asp Val Leu Lys His Lys Leu Asp Glu Leu
50 55 60

Tyr Pro Gln Gly Tyr Pro Glu Ser Val Ile Arg His Leu Gly His Leu
65 70 75 80

Phe Leu Lys Met Ser Pro Glu Asp Ile Arg Lys Trp Asn Val Thr Ser
Leu Glu Thr Leu Lys Ala Leu Leu Lys Val Ser Lys Gly His Glu Met
100 105 110

Ser Ala Gln Val Ala Thr Leu Ile Asp Arg Val Val Val Gly Arg Gly
115 120 125

Gln Leu Asp Lys Asp Thr Ala Asp Thr Leu Thr Ala Phe Cys Pro Gly
130 135 140

Cys Leu Cys Ser Leu Ser Pro Glu Arg Leu Ser Ser Val Pro Pro Ser
145 150 155 160

Ile Ile Gly Ala Val Arg Pro Gln Asp Leu Asp Thr Cys Gly Pro Arg
165 170 175

Gln Leu Asp Val Leu Tyr Pro Lys Ala Arg Leu Ala Phe Gln Asn Met
180 185 190
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-continued

336

Gln

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Gly

Thr

210

Ala

Ala

Glu

Asp

Gly
290

Ser

195

Glu

Thr

Glu

Glu

Asp

275

Tyr

Glu

Asp

Phe

Val

Gln

260

Leu

Leu

PRT

terminus)

SEQUENCE :

Tyr

Leu

Met

Gln

245

His

Asp

Ile

SEQ ID NO 144
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

303

144

Asp Ala Glu Gln Lys

1

Asp

Asp

Phe

Tyr

65

Phe

Pro

Asn

Gln

Tyr
145

Ser

Ser

Ile
225

Glu

Gly

Thr

50

Pro

Arg

Asp

Ala

Leu

130

Leu

Met

Leu

Gly

Val
210

Ala

Ala

Asp

Thr

35

Tyr

Gln

Tyr

Thr

Gln

115

Asp

Cys

Trp

Gly

Leu
195
Lys

Thr

Glu

Leu

20

Met

Glu

Gly

Val

Val

100

Ala

Glu

Asp

Leu

Leu

180

Glu

Asp

Phe

Val

5

Ile

Leu

Gln

Tyr

Ser

Lys

Ile

Asp

Phe

Val

165

Leu

Tyr

Leu

Lys

Gln
245

Phe

Lys

Lys

230

Lys

Ser

Thr

Leu

Ala

Phe

Ala

Leu

Pro

70

Pro

Thr

Ala

Met

Ser

150

Gly

Tyr

Phe

Arg

Arg

230

Lys

Val

Ala

215

Leu

Leu

Pro

Leu

Asp
295

Cys

Tyr

Arg

Ser

55

Glu

Glu

Leu

Leu

Val

135

Pro

Pro

Gln

Glu

Ala
215

Leu

Leu

Lys

200

Leu

Arg

Leu

Val

Gly

280

Leu

Pro

Gln

Gln

40

Ile

Ser

Asp

Leu

Val

120

Lys

Gln

Gln

Lys

Lys

200

Leu

Gln

Leu

Ile

Ser

Arg

Gly

Arg

265

Leu

Ser

Pro

Asn

25

Met

Phe

Leu

Ile

Lys

105

Ala

Ala

Asp

Asp

Ala

185

Ile

Ser

Val

Gly

Arg

Gln

Glu

Pro

250

Asp

Gly

Val

Gly

10

Trp

Asp

Lys

Ile

His

Val

Cys

Leu

Leu

Leu

170

Cys

Lys

Gln

Asp

Pro
250

Pro

Gln

Ala

235

His

Trp

Leu

Arg

Synthetic-Mouse MSLN

Lys

Glu

Leu

His

Gln

75

Gln

Ser

Tyr

Gly

His

155

Asp

Ser

Thr

His

Ser
235

Asn

Phe

Asn

220

Val

Val

Ile

Gln

Glu
300

Glu

Leu

Val

Lys

60

Gln

Trp

Lys

Leu

Asp

140

Ser

Lys

Ala

Phe

Asn
220

Leu

Ile

Leu Gly Gly Ala

205

Val

Leu

Glu

Leu

Gly

285

Ala

Pro

Glu

Asn

45

Leu

Leu

Asn

Gly

Arg

125

Ile

Val

Cys

Phe

Leu
205
Val

Val

Val

Ser

Pro

Gly

Lys

270

Gly

Leu

Tyr

Ala

Glu

Asp

Gly

Val

Gln

110

Gly

Pro

Pro

Ser

Gln

190

Gly

Ser

Gly

Asp

Met

Leu

Leu

255

Gln

Ile

Ser

Lys

15

Cys

Ile

Lys

His

Thr

95

Lys

Gly

Leu

Ser

Gln

175

Asn

Gly

Met

Leu

Leu
255

Asp

Ser

240

Lys

Arg

Pro

(without MPF and C

Val

Val

Pro

Thr

Phe

80

Ser

Met

Gly

Ser

Ser

160

Arg

Val

Ala

Asp

Ser
240

Lys
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-continued

338

Thr Glu Glu Asp Lys

Gln Lys Asp

275

Asn Gly Tyr

290

260

Leu

Leu

Asp

Val

<210> SEQ ID NO 145

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Ile

Pro

Leu

Leu

65

Gln

Arg

Thr

Asn

Leu

145

Arg

Phe

Asp

Trp

225

Lys

Leu

Trp

Thr

Pro
305

Gln

Ala

Cys

Arg

His

50

Phe

Ala

Gly

Asp

Pro

130

Ile

Gln

Gln

Leu

Leu

210

Arg

Trp

Asp

Leu

Val
290

Pro

Asn

Leu

Ser

Leu

35

Ala

Leu

Lys

His

Glu

115

Ala

Ser

Arg

Val

Pro

195

Ala

Glu

Ser

Glu

Gln
275
Ile

Gly

Trp

Pro

Arg

20

Gln

Val

Gly

Gly

Gln

100

Glu

Met

Lys

Leu

Ser

180

Gly

Gly

Val

Val

Ser

260

His

His

Lys

Glu

625

Mus
145

Thr

5

Ser

Thr

Asn

Leu

Leu

85

Leu

Leu

Phe

Ala

Leu

165

Glu

Lys

Cys

Leu

Ser

245

Ile

Ile

Pro

Glu

Leu

Ser

Pro

Val

Arg Leu Gly

Leu

musculus

Ala

Phe

Gln

Gly

Thr

70

Ala

Arg

Asn

Pro

Asn

150

Met

Ala

Phe

Gln

Arg

230

Thr

Val

Ser

Arg

Pro
310

Glu

Asp
295

Arg

Leu

Thr

Ala

55

Cys

Met

Cys

Ala

Gly

135

Val

Glu

Asp

Val

Gly

215

Ser

Leu

Gln

Arg

Phe
295

Tyr

Ala

280

Phe

Pro

Leu

Thr

40

Ala

Glu

Ala

Leu

Leu

120

Gln

Asp

Ala

Val

Ala

200

Pro

Gly

Asp

Ser

Asp
280
Arg

Lys

Cys

Arg
265

Asp Trp Leu Phe

Arg
270

Leu Gly Leu Gln Gly Gly

285

Asn Val Arg Glu Ala

Leu

Leu

25

Lys

Asp

Glu

Val

Ala

105

Pro

Gln

Val

Leu

Arg

185

Arg

Leu

Arg

Ala

Ile

265

Pro

Arg

Val

Val

Leu

10

Leu

Thr

Phe

Val

Arg

90

Arg

Leu

Ala

Leu

Lys

170

Ala

Ser

Asp

Thr

Leu

250

Pro

Ser

Asp

Asp

Asp

Gly

Leu

Ser

Ala

Ser

75

Gln

Arg

Asp

Cys

Pro

155

Cys

Leu

Ser

Gln

Gln

235

Gln

Lys

Arg

Ala

Glu
315

Gly

300

Ser

Ser

Gln

Ser

60

Asp

Lys

Leu

Leu

Ala

140

Arg

Gln

Gly

Glu

Ser

220

Tyr

Ser

Asp

Leu

Glu
300

Asp

Thr

Cys

Leu

Glu

45

Leu

Leu

Asn

Pro

Leu

125

His

Arg

Gly

Gly

Val

205

Gln

Gly

Leu

Val

Gly
285
Gln

Leu

Met

Phe

Gly

Gly

30

Ala

Pro

Ser

Ile

Arg

110

Leu

Phe

Ser

Val

Leu

190

Leu

Glu

Pro

Val

Lys

270

Ser

Lys

Ile

Leu

Gln

Ile

Ser

Ser

15

Trp

Thr

Thr

Met

Thr

95

His

Phe

Phe

Leu

Tyr

175

Ala

Leu

Lys

Pro

Ala

255

Ala

Lys

Ala

Phe

Ala

His

Pro

Pro

Ile

Leu

Gly

Glu

80

Leu

Leu

Leu

Ser

Glu

160

Gly

Cys

Pro

Ala

Ser

240

Val

Glu

Leu

Cys

Tyr

320

Arg
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-continued

340

Gln

Ile

Ser

Asp

385

Leu

Lys

Gln

Gln

465

Lys

Lys

Leu

Gln

Leu

545

Gly

Phe

Gly

Ser
625

<210>
<211>
<212>
<213>
<220>
<223>

Met

Phe

Leu

370

Ile

Lys

Ala

Ala

Asp

450

Asp

Ala

Ile

Ser

Val

530

Gly

Arg

Leu

Asn

Phe
610

Asp

Lys

355

Ile

His

Val

Cys

Leu

435

Leu

Leu

Cys

Lys

Gln

515

Asp

Pro

Asp

Gly

Val

595

Val

Leu

340

His

Gln

Gln

Ser

Tyr

420

Gly

His

Asp

Ser

Thr

500

His

Ser

Asn

Trp

Leu

580

Arg

Leu

PRT

<400> SEQUENCE:

Ser
1

Leu

Asn

Ala

Phe

325

Val

Lys

Gln

Trp

Lys

405

Leu

Asp

Ser

Lys

Ala

485

Phe

Asn

Leu

Ile

Leu

565

Gln

Glu

Ile

SEQ ID NO 146
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

164

146

Asn

Leu

Leu

Asn

390

Gly

Arg

Ile

Val

Cys

470

Phe

Leu

Val

Val

Val

550

Phe

Gly

Ala

Trp

Gln Asp Pro Cys

5

Arg Asn Gln Ile

20

Gly Gly Gln Arg

35

Arg Thr Arg Lys

Glu

Asp

Gly

375

Val

Gln

Gly

Pro

Pro

455

Ser

Gln

Gly

Ser

Gly

535

Asp

Arg

Gly

Phe

Ile
615

Ile

Lys

360

His

Thr

Lys

Gly

Leu

440

Ser

Gln

Asn

Gly

Met

520

Leu

Leu

Gln

Ile

Ser

600

Pro

Pro

345

Thr

Phe

Ser

Met

Gly

425

Ser

Ser

Arg

Val

Ala

505

Asp

Ser

Lys

His

Pro

585

Ser

Ala

330

Phe

Tyr

Phe

Pro

Asn

410

Gln

Tyr

Val

His

Ser

490

Ser

Ile

Val

Thr

Gln

570

Asn

Arg

Leu

Thr

Pro

Arg

Asp

395

Ala

Leu

Leu

Met

Leu

475

Gly

Val

Ala

Ala

Glu

555

Lys

Gly

Ala

Leu

Tyr

Gln

Tyr

380

Thr

Gln

Asp

Cys

Trp

460

Gly

Leu

Lys

Thr

Glu

540

Glu

Asp

Tyr

Ser

Pro
620

Glu

Gly

365

Val

Val

Ala

Glu

Asp

445

Leu

Leu

Glu

Asp

Phe

525

Val

Asp

Leu

Leu

Leu

605

Ala

Gln

350

Tyr

Ser

Lys

Ile

Asp

430

Phe

Val

Leu

Tyr

Leu

510

Lys

Gln

Lys

Asp

Val

590

Leu

Leu

Synthetic-Extracellular domain

Ser

Cys

Thr

Glu

Asn

Ser

Cys

40

Cys

Cys

Pro

25

Asp

Ser

Pro

10

Cys

Ile

Ser

Ala

Pro

Cys

Thr

Gly

Pro

Arg

Ser

Thr

Asn

Gln

45

Asn

Phe

Ser

30

Cys

Ala

335

Leu

Pro

Pro

Thr

Ala

415

Met

Ser

Gly

Tyr

Phe

495

Arg

Arg

Lys

Ser

Arg

575

Leu

Gly

Arg

of human CD137

Cys

15

Phe

Lys

Glu

Ser

Glu

Glu

Leu

400

Leu

Val

Pro

Pro

Gln

480

Glu

Ala

Leu

Leu

Pro

560

Leu

Asp

Pro

Leu

Asp

Ser

Gly

Cys
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-continued

342

Asp

65

Glu

Asp

Pro

Thr

Pro
145

<210>
<211>
<212>
<213>
<220>
<223>

50

Cys

Gln

Cys

Trp

Lys

130

Gly

Ser

Thr

Asp

Cys

Thr

115

Glu

Ala

Pro

CD137

Pro

Cys

Phe

100

Asn

Arg

Ser

Gln

PRT

<400> SEQUENCE:

Ser
1

Asn

Ser

Asp

65

Glu

Asp

Pro

Thr

Pro
145

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Leu Gln Asp

Asn

Ala

Phe

50

Cys

Gln

Cys

Trp

Lys

130

Gly

Ser

Arg

Gly

35

Lys

Ile

Asp

Cys

Thr

115

Glu

Ala

Pro

Ser

20

Gly

Thr

Ser

Cys

Phe

100

Asn

Arg

Ser

Gln

PRT

SEQUENCE :

Gly

Lys

85

Gly

Cys

Asp

Ser

SEQ ID NO 147
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

164

147

Leu

Gln

Gln

Arg

Gly

Lys

85

Gly

Cys

Asp

Ser

SEQ ID NO 148
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

165

148

Phe

70

Gln

Thr

Ser

Val

Val
150

Cys

Ile

Arg

Lys

Tyr

70

Gln

Thr

Ser

Val

Ala
150

55

His

Gly

Phe

Leu

Val

135

Thr

Cys

Gln

Asn

Asp

120

Cys

Pro

Leu

Glu

Asp

105

Gly

Gly

Pro

Gly

Leu

90

Gln

Lys

Pro

Ala

Ala

75

Thr

Lys

Ser

Ser

Pro
155

60

Gly

Lys

Arg

Val

Pro

140

Ala

Cys

Lys

Gly

Leu

125

Ala

Arg

Ser

Gly

Ile

110

Val

Asp

Glu

Synthetic-Extracellular domain

Ser

Cys

Thr

Glu

55

His

Gly

Phe

Leu

Val

135

Thr

Asn

Ser

Cys

40

Cys

Cys

Gln

Asn

Asp

120

Cys

Pro

Cys

Pro

25

Asp

Ser

Leu

Glu

Asp

105

Gly

Gly

Pro

Pro

10

Cys

Ile

Ser

Gly

Leu

90

Gln

Lys

Pro

Ala

Ala

Pro

Cys

Thr

Ala

75

Thr

Lys

Ser

Ser

Pro
155

Gly

Pro

Arg

Ser

60

Glu

Lys

Arg

Val

Pro

140

Ala

Thr

Asn

Gln

45

Asn

Cys

Lys

Gly

Leu

125

Ala

Arg

Phe

Ser

30

Cys

Ala

Ser

Gly

Ile

110

Val

Asp

Glu

Synthetic-Extracellular domain

Ala Val Gln Asn Ser Cys Asp Asn Cys Gln Pro Gly Thr Phe

1

5

10

Met

Cys

95

Cys

Asn

Leu

Pro

of cynomolgus

Cys

15

Phe

Lys

Glu

Met

Cys

95

Cys

Asn

Leu

Pro

of mouse CD137

Cys
15

Cys

80

Lys

Arg

Gly

Ser

Gly
160

Asp

Ser

Gly

Cys

Cys

80

Lys

Arg

Gly

Ser

Gly
160

Arg

Lys Tyr Asn Pro Val Cys Lys Ser Cys Pro Pro Ser Thr Phe Ser Ser
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343 344

-continued

20 25 30

Ile Gly Gly Gln Pro Asn Cys Asn Ile Cys Arg Val Cys Ala Gly Tyr
35 40 45

Phe Arg Phe Lys Lys Phe Cys Ser Ser Thr His Asn Ala Glu Cys Glu
50 55 60

Cys Ile Glu Gly Phe His Cys Leu Gly Pro Gln Cys Thr Arg Cys Glu
65 70 75 80

Lys Asp Cys Arg Pro Gly Gln Glu Leu Thr Lys Gln Gly Cys Lys Thr
85 90 95

Cys Ser Leu Gly Thr Phe Asn Asp Gln Asn Gly Thr Gly Val Cys Arg
100 105 110

Pro Trp Thr Asn Cys Ser Leu Asp Gly Arg Ser Val Leu Lys Thr Gly
115 120 125

Thr Thr Glu Lys Asp Val Val Cys Gly Pro Pro Val Val Ser Phe Ser
130 135 140

Pro Ser Thr Thr Ile Ser Val Thr Pro Glu Gly Gly Pro Gly Gly His
145 150 155 160

Ser Leu Gln Val Leu
165

<210> SEQ ID NO 149

<211> LENGTH: 232

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic-Human CD137

<400> SEQUENCE: 149

Leu Gln Asp Pro Cys Ser Asn Cys Pro Ala Gly Thr Phe Cys Asp Asn
1 5 10 15

Asn Arg Asn Gln Ile Cys Ser Pro Cys Pro Pro Asn Ser Phe Ser Ser
20 25 30

Ala Gly Gly Gln Arg Thr Cys Asp Ile Cys Arg Gln Cys Lys Gly Val
35 40 45

Phe Arg Thr Arg Lys Glu Cys Ser Ser Thr Ser Asn Ala Glu Cys Asp
Cys Thr Pro Gly Phe His Cys Leu Gly Ala Gly Cys Ser Met Cys Glu
65 70 75 80

Gln Asp Cys Lys Gln Gly Gln Glu Leu Thr Lys Lys Gly Cys Lys Asp
85 90 95

Cys Cys Phe Gly Thr Phe Asn Asp Gln Lys Arg Gly Ile Cys Arg Pro
100 105 110

Trp Thr Asn Cys Ser Leu Asp Gly Lys Ser Val Leu Val Asn Gly Thr
115 120 125

Lys Glu Arg Asp Val Val Cys Gly Pro Ser Pro Ala Asp Leu Ser Pro
130 135 140

Gly Ala Ser Ser Val Thr Pro Pro Ala Pro Ala Arg Glu Pro Gly His
145 150 155 160

Ser Pro Gln Ile Ile Ser Phe Phe Leu Ala Leu Thr Ser Thr Ala Leu
165 170 175

Leu Phe Leu Leu Phe Phe Leu Thr Leu Arg Phe Ser Val Val Lys Arg
180 185 190

Gly Arg Lys Lys Leu Leu Tyr Ile Phe Lys Gln Pro Phe Met Arg Pro
195 200 205

Val Gln Thr Thr Gln Glu Glu Asp Gly Cys Ser Cys Arg Phe Pro Glu
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-continued

346

210

215

Glu Glu Glu Gly Gly Cys Glu Leu

225

<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

Val

1

Tyr

Gly

Arg

Ile

65

Asp

Ser

Trp

Thr

Ser

145

Leu

Ala

Lys

Ala

Glu
225

<210>
<211>
<212>
<213>
<220>
<223>

<400>

Gln

Asn

Gly

Phe

50

Glu

Cys

Leu

Thr

Glu

130

Thr

Gln

Leu

Lys

Ala

210

Gly

Asn

Pro

Gln

35

Lys

Gly

Arg

Gly

Asn

115

Lys

Thr

Val

Ile

Phe

195

Gln

Gly

Ser

Val

20

Pro

Lys

Phe

Pro

Thr

100

Cys

Asp

Ile

Leu

Phe

180

Pro

Glu

Gly

PRT

SEQUENCE :

SEQ ID NO 150
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

233

150

Cys

5

Cys

Asn

Phe

His

Gly

85

Phe

Ser

Val

Ser

Thr

165

Ile

His

Glu

Gly

SEQ ID NO 151
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

622

151

230

Asp

Lys

Cys

Cys

Cys

70

Gln

Asn

Leu

Val

Val

150

Leu

Thr

Ile

Asp

Gly
230

220

Synthetic-Mouse CD137

Asn

Ser

Asn

Ser

Leu

Glu

Asp

Asp

Cys

135

Thr

Phe

Leu

Phe

Ala

215

Tyr

Cys

Cys

Ile

40

Ser

Gly

Leu

Gln

Gly

120

Gly

Pro

Leu

Leu

Lys

200

Cys

Glu

Gln

Pro

25

Cys

Thr

Pro

Thr

Asn

105

Arg

Pro

Glu

Ala

Phe

185

Gln

Ser

Leu

Pro

10

Pro

Arg

His

Gln

Lys

90

Gly

Ser

Pro

Gly

Leu

170

Ser

Pro

Cys

Gly

Ser

Val

Asn

Cys

75

Gln

Thr

Val

Val

Gly

155

Thr

Val

Phe

Arg

Thr

Thr

Cys

Ala

60

Thr

Gly

Gly

Leu

Val

140

Pro

Ser

Leu

Lys

Cys
220

Phe

Phe

Ala

45

Glu

Arg

Cys

Val

Lys

125

Ser

Gly

Ala

Lys

Lys

205

Pro

Synthetic-Human MPF + MSLN

Met Ala Leu Pro Thr Ala Arg Pro Leu Leu Gly Ser Cys

1

5

10

Ala Leu Gly Ser Leu Leu Phe Leu Leu Phe Ser Leu Gly

20

25

Pro Ser Arg Thr Leu Ala Gly Glu Thr Gly Gln Glu Ala

35

40

45

Cys Arg
15

Ser Ser
30

Gly Tyr

Cys Glu

Cys Glu

Lys Thr
95

Cys Arg
110

Thr Gly

Phe Ser

Gly His

Leu Leu

175

Trp Ile
190

Thr Thr

Gln Glu

Gly Thr
15

Trp Val
30

Ala Pro

Lys

Ile

Phe

Cys

Lys

80

Cys

Pro

Thr

Pro

Ser

160

Leu

Arg

Gly

Glu

Pro

Gln

Leu
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-continued

348

Asp

Gln

65

Arg

Ser

Glu

Asp

Thr

145

Arg

Leu

Pro

Ala

225

Ser

Gln

Gln

Leu

Gly

305

Trp

Asp

Lys

Ile

Arg

385

Arg

Leu

Leu

Leu

Gly

Leu

Val

Thr

Asp

Ala

130

Lys

Leu

Ser

Gly

Ser

210

Ala

Val

Pro

Arg

Arg

290

Lys

Glu

Arg

His

Gln

370

Lys

Asn

Phe

Thr

Ser
450

Asp

Val

Leu

Arg

Glu

Leu

115

Phe

Ala

Leu

Glu

Arg

195

Cys

Leu

Ser

Ile

Ser

275

Pro

Lys

Leu

Val

Lys

355

His

Trp

Lys

Val

Ala
435

Ser

Thr

Leu

Gly

Glu

Gln

100

Asp

Ser

Asn

Pro

Ala

180

Phe

Pro

Gln

Thr

Ile

260

Ser

Arg

Ala

Glu

Asn

340

Leu

Leu

Asn

Gly

Lys

420

Phe

Val

Cys

Ala

Phe

Leu

85

Leu

Ala

Gly

Val

Ala

165

Asp

Val

Gly

Gly

Met

245

Arg

Arg

Phe

Arg

Ala

325

Ala

Asp

Gly

Val

His

405

Gly

Tyr

Pro

Asp

Asn

Pro

70

Ala

Arg

Leu

Pro

Asp

150

Ala

Val

Ala

Pro

Gly

230

Asp

Ser

Asp

Arg

Glu

310

Cys

Ile

Glu

Tyr

Thr

390

Glu

Arg

Pro

Pro

Pro

Pro

55

Cys

Val

Cys

Pro

Gln

135

Leu

Leu

Arg

Glu

Leu

215

Gly

Ala

Ile

Pro

Arg

295

Ile

Val

Pro

Leu

Leu

375

Ser

Met

Gly

Gly

Ser
455

Arg

Pro

Ala

Ala

Leu

Leu

120

Ala

Leu

Ala

Ala

Ser

200

Asp

Pro

Leu

Pro

Ser

280

Glu

Asp

Asp

Phe

Tyr

360

Phe

Leu

Ser

Gln

Tyr
440

Ser

Gln

Asn

Glu

Leu

Ala

105

Asp

Cys

Pro

Cys

Leu

185

Ala

Gln

Pro

Arg

Gln

265

Trp

Val

Glu

Ala

Thr

345

Pro

Leu

Glu

Pro

Leu

425

Leu

Ile

Leu

Ile

Val

Ala

90

His

Leu

Thr

Arg

Trp

170

Gly

Glu

Asp

Tyr

Gly

250

Gly

Arg

Glu

Ser

Ala

330

Tyr

Gln

Lys

Thr

Gln

410

Asp

Cys

Trp

Asp

Ser

Ser

75

Gln

Arg

Leu

Arg

Gly

155

Gly

Gly

Val

Gln

Gly

235

Leu

Ile

Gln

Lys

Leu

315

Leu

Glu

Gly

Met

Leu

395

Val

Lys

Ser

Ala

Val

Ser

60

Gly

Lys

Leu

Leu

Phe

140

Ala

Val

Leu

Leu

Gln

220

Pro

Leu

Val

Pro

Thr

300

Ile

Leu

Gln

Tyr

Ser

380

Lys

Ala

Asp

Leu

Val
460

Leu

Leu

Leu

Asn

Ser

Phe

125

Phe

Pro

Arg

Ala

Leu

205

Glu

Pro

Pro

Ala

Glu

285

Ala

Phe

Ala

Leu

Pro

365

Pro

Ala

Thr

Thr

Ser
445

Arg

Tyr

Ser

Ser

Val

Glu

110

Leu

Ser

Glu

Gly

Cys

190

Pro

Ala

Ser

Val

Ala

270

Arg

Cys

Tyr

Thr

Asp

350

Glu

Glu

Leu

Leu

Leu
430
Pro

Pro

Pro

Pro

Thr

Lys

95

Pro

Asn

Arg

Arg

Ser

175

Asp

Arg

Ala

Thr

Leu

255

Trp

Thr

Pro

Lys

Gln

335

Val

Ser

Asp

Leu

Ile

415

Asp

Glu

Gln

Lys

Arg

Glu

80

Leu

Pro

Pro

Ile

Gln

160

Leu

Leu

Leu

Arg

Trp

240

Gly

Arg

Ile

Ser

Lys

320

Met

Leu

Val

Ile

Glu

400

Asp

Thr

Glu

Asp

Ala
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350

465

Arg

Gln

Gln

Asp

Pro

545

Asp

Gly

Met

<210>
<211>
<212>
<213>
<220>
<223>

Leu

Ser

Gln

Ala

530

His

Trp

Leu

Gln

Leu
610

Ala

Phe

Asn

515

Val

Val

Ile

Gln

Glu

595

Thr

Phe

Leu

500

Val

Leu

Glu

Leu

Gly

580

Ala

Val

PRT

<400> SEQUENCE:

Met

1

Ala

Pro

Asp

Gln

65

Leu

Ser

Glu

Asp

Ala

145

Arg

Leu

Pro

Ala

Leu

Ser

Gly

Leu

Val

Ala

Asp

Ala

130

Lys

Leu

Ser

Gly

Arg

Leu

Gly

Arg

35

Ile

Leu

Gln

Glu

Leu

115

Phe

Ala

Leu

Glu

Arg
195

Cys

Pro

Ser

20

Val

Leu

Gly

Glu

Gln

100

Asp

Ser

Asn

Pro

Ala
180

Phe

Leu

Gln

485

Gly

Ser

Pro

Gly

Arg

565

Gly

Leu

Leu

SEQ ID NO 152
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

622

152

Met

5

Leu

Leu

Thr

Phe

Leu

85

Leu

Ala

Gly

Val

Ala
165
Asp

Val

Gly

470

Asn

Gly

Met

Leu

Leu

550

Gln

Ile

Ser

Ala

Ala

Leu

Ala

Asn

Thr

70

Ala

Arg

Leu

Pro

Asp

150

Ala

Val

Ala

Pro

Met

Ala

Asp

Thr

535

Lys

Arg

Pro

Gly

Leu
615

Asn

Pro

Leu

520

Val

Ala

Gln

Asn

Thr

600

Leu

Gly

Thr

505

Ala

Ala

Glu

Asp

Gly

585

Pro

Leu

Ser

490

Glu

Thr

Glu

Glu

Asp

570

Tyr

Cys

Ala

475

Glu

Asp

Phe

Val

Arg

555

Leu

Leu

Leu

Ser

Tyr

Leu

Met

Gln

540

His

Asp

Val

Leu

Thr
620

Phe

Lys

Lys

525

Lys

Arg

Thr

Leu

Gly

605

Leu

Synthetic-Cynomolgus MPF +

Arg

Phe

Gly

Ala

55

Cys

Val

Cys

Pro

Gln

135

Leu

Leu

Arg

Glu

Leu

Pro

Leu

Glu

40

Pro

Val

Ala

Leu

Leu

120

Ala

Leu

Thr

Ala

Ser
200

Asp

Leu

Leu

25

Thr

Asp

Glu

Leu

Ala

105

Asp

Cys

Pro

Cys

Leu
185

Ala

Gln

Ser

10

Phe

Arg

Ile

Val

Gly

90

His

Leu

Thr

Arg

Trp

170

Gly

Glu

Asp

Gly

Ser

Gln

Ala

Ser

75

Gln

Arg

Leu

His

Gly

155

Gly

Gly

Val

Gln

Ser

Leu

Glu

Ser

Gly

Lys

Leu

Leu

Phe

140

Ala

Val

Leu

Val

Gln

Cys

Gly

Ala

45

Leu

Leu

Asn

Ser

Phe

125

Phe

Pro

Arg

Ala

Leu
205

Glu

Val

Ala

510

Leu

Leu

Pro

Leu

Asp

590

Pro

Ala

Lys

495

Leu

Arg

Leu

Val

Gly

575

Leu

Gly

MSLN

Gly

Trp

30

Ala

Ser

Ser

Val

Glu

110

Leu

Ser

Glu

Gly

Cys

190

Pro

Ala

Thr

15

Val

Pro

Pro

Thr

Lys

95

Pro

Asn

Arg

Arg

Ser

175

Asp

Arg

Ala

480

Ile

Ser

Thr

Gly

Arg

560

Leu

Ser

Pro

Pro

Gln

Leu

Arg

Glu

80

Leu

Pro

Pro

Val

Gln

160

Leu

Leu

Leu

Arg



US 12,319,739 B2
351 352

-continued

210 215 220

Ala Ala Leu Gln Arg Gly Gly Pro Pro Tyr Gly Pro Pro Ser Thr Trp
225 230 235 240

Ser Ile Ser Thr Leu Asp Asp Leu Gln Ser Leu Leu Pro Val Leu Gly
245 250 255

Gln Pro Val Ile His Ser Ile Pro Gln Gly Ile Leu Ala Ala Trp Arg
260 265 270

Gln Arg Ser Ser Arg Asp Pro Ser Trp Gln Gln Pro Glu Gln Thr Val
275 280 285

Leu Arg Pro Arg Phe Arg Arg Asp Val Glu Arg Thr Thr Cys Pro Pro
290 295 300

Glu Lys Glu Val His Glu Ile Asp Glu Ser Leu Ile Phe Tyr Lys Lys
305 310 315 320

Arg Glu Leu Glu Ala Cys Val Asp Ala Ala Leu Leu Ala Ala Gln Met
325 330 335

Asp Arg Val Asp Ala Ile Pro Phe Thr Tyr Glu Gln Leu Asp Val Leu
340 345 350

Lys His Lys Leu Asp Glu Leu Tyr Pro Gln Gly Tyr Pro Glu Ser Val
355 360 365

Ile Arg His Leu Gly His Leu Phe Leu Lys Met Ser Pro Glu Asp Ile
370 375 380

Arg Lys Trp Asn Val Thr Ser Leu Glu Thr Leu Lys Ala Leu Leu Lys
385 390 395 400

Val Ser Lys Gly His Glu Met Ser Ala Gln Val Ala Thr Leu Ile Asp
405 410 415

Arg Val Val Val Gly Arg Gly Gln Leu Asp Lys Asp Thr Ala Asp Thr
420 425 430

Leu Thr Ala Phe Cys Pro Gly Cys Leu Cys Ser Leu Ser Pro Glu Arg
435 440 445

Leu Ser Ser Val Pro Pro Ser Ile Ile Gly Ala Val Arg Pro Gln Asp
450 455 460

Leu Asp Thr Cys Gly Pro Arg Gln Leu Asp Val Leu Tyr Pro Lys Ala
465 470 475 480

Arg Leu Ala Phe Gln Asn Met Ser Gly Ser Glu Tyr Phe Val Lys Ile
485 490 495

Arg Pro Phe Leu Gly Gly Ala Pro Thr Glu Asp Leu Lys Ala Leu Ser
500 505 510

Gln Gln Asn Val Ser Met Asp Leu Ala Thr Phe Met Lys Leu Arg Arg
515 520 525

Glu Ala Val Leu Pro Leu Ser Val Ala Glu Val Gln Lys Leu Leu Gly
530 535 540

Pro His Val Glu Gly Leu Lys Val Glu Glu Gln His Ser Pro Val Arg
545 550 555 560

Asp Trp Ile Leu Lys Gln Arg Gln Asp Asp Leu Asp Thr Leu Gly Leu
565 570 575

Gly Leu Gln Gly Gly Ile Pro Asn Gly Tyr Leu Ile Leu Asp Leu Ser
580 585 590

Val Arg Glu Ala Leu Ser Gly Thr Pro Cys Leu Leu Gly Pro Gly Pro
595 600 605

Val Leu Thr Val Leu Ala Leu Leu Leu Ala Ser Thr Leu Ala
610 615 620

<210> SEQ ID NO 153



US 12,319,739 B2
353 354

-continued

<211> LENGTH: 231

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic-Cynomolgus CD137

<400> SEQUENCE: 153

Leu Gln Asp Leu Cys Ser Asn Cys Pro Ala Gly Thr Phe Cys Asp Asn
1 5 10 15

Asn Arg Ser Gln Ile Cys Ser Pro Cys Pro Pro Asn Ser Phe Ser Ser
20 25 30

Ala Gly Gly Gln Arg Thr Cys Asp Ile Cys Arg Gln Cys Lys Gly Val
35 40 45

Phe Lys Thr Arg Lys Glu Cys Ser Ser Thr Ser Asn Ala Glu Cys Asp
50 55 60

Cys Ile Ser Gly Tyr His Cys Leu Gly Ala Glu Cys Ser Met Cys Glu
65 70 75 80

Gln Asp Cys Lys Gln Gly Gln Glu Leu Thr Lys Lys Gly Cys Lys Asp
85 90 95

Cys Cys Phe Gly Thr Phe Asn Asp Gln Lys Arg Gly Ile Cys Arg Pro
100 105 110

Trp Thr Asn Cys Ser Leu Asp Gly Lys Ser Val Leu Val Asn Gly Thr
115 120 125

Lys Glu Arg Asp Val Val Cys Gly Pro Ser Pro Ala Asp Leu Ser Pro
130 135 140

Gly Ala Ser Ser Ala Thr Pro Pro Ala Pro Ala Arg Glu Pro Gly His
145 150 155 160

Ser Pro Gln Ile Ile Phe Phe Leu Ala Leu Thr Ser Thr Val Val Leu
165 170 175

Phe Leu Leu Phe Phe Leu Val Leu Arg Phe Ser Val Val Lys Arg Ser
180 185 190

Arg Lys Lys Leu Leu Tyr Ile Phe Lys Gln Pro Phe Met Arg Pro Val
195 200 205

Gln Thr Thr Gln Glu Glu Asp Gly Cys Ser Cys Arg Phe Pro Glu Glu
210 215 220

Glu Glu Gly Gly Cys Glu Leu
225 230

<210> SEQ ID NO 154

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: wild-type CH2 domain

<400> SEQUENCE: 154

Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys
1 5 10 15

Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val
20 25 30

Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr
35 40 45

Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu
50 55 60

Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His
65 70 75 80

Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys



US 12,319,739 B2
355 356

-continued

85 90 95

Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys
100 105 110

<210> SEQ ID NO 155

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: CH2 domain containing LALA mutation

<400> SEQUENCE: 155

Ala Pro Glu Ala Ala Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys
1 5 10 15

Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val
20 25 30

Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr
35 40 45

Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu

Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His
65 70 75 80

Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys
85 90 95

Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys
100 105 110

<210> SEQ ID NO 156

<211> LENGTH: 110

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: CH2 domain containing LALA-PA mutation

<400> SEQUENCE: 156

Ala Pro Glu Ala Ala Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys
1 5 10 15

Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val
20 25 30

Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr
35 40 45

Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu
50 55 60

Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His
65 70 75 80

Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys
85 90 95

Ala Leu Ala Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys
100 105 110

<210> SEQ ID NO 157

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: WT Fcab CD loop

<400> SEQUENCE: 157

Ser Asn Gly Gln Pro Glu Asn Asn Tyr
1 5
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-continued

358

<210>
<211>
<212>
<213>
<220>
<223>

PRT

SEQ ID NO 158
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: heavy chain of

453

mAb2 with LALA

<400> SEQUENCE:

Glu

1

Ser

Tyr

Ser

Lys

65

Leu

Ala

Thr

Pro

Gly

145

Asn

Gln

Ser

Ser

Thr

225

Ser

Arg

Pro

Ala

305

Tyr

Thr

Val Gln Leu

Leu

Met

His

50

Gly

Gln

Arg

Leu

Leu

130

Cys

Ser

Ser

Ser

Asn

210

His

Val

Thr

Glu

Lys

290

Ser

Lys

Ile

Pro

Arg

Ser

35

Ile

Arg

Met

Tyr

Val

115

Ala

Leu

Gly

Ser

Leu

195

Thr

Thr

Phe

Pro

Val

275

Thr

Val

Cys

Ser

Pro

Leu

20

Trp

Ser

Phe

Asn

Asn

100

Thr

Pro

Val

Ala

Gly

180

Gly

Lys

Cys

Leu

Glu

260

Lys

Lys

Leu

Lys

Lys

340

Ser

158

Leu Glu
5

Ser Cys

Val Arg

Pro Thr

Thr Ile

Ser Leu

85

Ala Tyr

Val Ser

Ser Ser

Lys Asp

150

Leu Thr
165

Leu Tyr

Thr Gln

Val Asp

Pro Pro
230

Phe Pro
245

Val Thr

Phe Asn

Pro Arg

Thr Val

310

Val Ser
325

Ala Lys

Arg Asp

Ser

Ala

Gln

Tyr

55

Ser

Arg

His

Ser

Lys

135

Tyr

Ser

Ser

Thr

Lys

215

Cys

Pro

Cys

Trp

Glu

295

Leu

Asn

Gly

Glu

Gly

Ala

Ala

40

Ser

Arg

Ala

Ala

Ala

120

Ser

Phe

Gly

Leu

Tyr

200

Lys

Pro

Lys

Val

Tyr

280

Glu

His

Lys

Gln

Leu

Gly

Ser

25

Pro

Thr

Asp

Glu

Ala

105

Ser

Thr

Pro

Val

Ser

185

Ile

Val

Ala

Pro

Val

265

Val

Gln

Gln

Ala

Pro
345

Pro

Gly

Gly

Gly

Thr

Asn

Asp

90

Leu

Thr

Ser

Glu

His

170

Ser

Cys

Glu

Pro

Lys

250

Val

Asp

Tyr

Asp

Leu
330

Arg

Tyr

FS22-172-003-AA/FS28-256-272

Leu

Phe

Lys

Asn

Asn

75

Thr

Asp

Lys

Gly

Pro

155

Thr

Val

Asn

Pro

Glu

235

Asp

Asp

Gly

Asn

Trp
315
Pro

Glu

Ile

Val

Thr

Gly

Tyr

60

Lys

Ala

Tyr

Gly

Gly

140

Val

Phe

Val

Val

Lys

220

Ala

Thr

Val

Val

Ser

300

Leu

Ala

Pro

Ile

Gln

Phe

Leu

45

Ala

Asn

Val

Trp

Pro

125

Thr

Thr

Pro

Thr

Asn

205

Ser

Ala

Leu

Ser

Glu

285

Thr

Asn

Pro

Gln

Pro

Pro

Thr

30

Glu

Asp

Thr

Tyr

Gly

110

Ser

Ala

Val

Ala

Val

190

His

Cys

Gly

Met

His

270

Val

Tyr

Gly

Ile

Val
350

Pro

Gly

His

Trp

Ser

Leu

Tyr

95

Gln

Val

Ala

Ser

Val

175

Pro

Lys

Asp

Gly

Ile

255

Glu

His

Arg

Lys

Glu
335

Tyr

Tyr

Gly

Thr

Val

Val

Tyr

80

Cys

Gly

Phe

Leu

Trp

160

Leu

Ser

Pro

Lys

Pro

240

Ser

Asp

Asn

Val

Glu
320
Lys

Thr

Asn



359

US 12,319,739 B2

-continued

360

355

Gln Val Ser
370

Ala Val Glu
385

Thr Pro Pro

Leu Thr Val

Ser Val Met

435

Ser Leu Ser

450

<210> SEQ I
<211> LENGT.
<212> TYPE:

360

Leu Thr Cys Leu Val

375

Trp Glu Ser Asn Gly
390

Val Leu Asp Ser Asp

405

Gly Ala Asp Arg Trp

420

His Glu Ala Leu His

Pro Gly

D NO 159
H: 1359
DNA

440

Lys Gly Phe
Gln Pro Glu
395

Gly Ser Phe
410

Leu Glu Gly
425

Asn His Tyr

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-272

mAb2

RE:

with LALA

<400> SEQUENCE: 159

gaagtgcaac

agttgcgegg

ccgggcaaag

gecggatageg

ctgcagatga

gegtatcatg

agcactaagg

accgeagecc

aacagcggag

ctgtactcat

atctgtaatg

tcgtgegaca

teggtgttec

gtgacctgty

gtggatggag

acctaccgeg

tacaagtgca

gccaagggac

ccatacatca

cccagegaca

acgecteeeg

gcagataggt

aaccactaca

<210> SEQ I

tgctggagte

ccagtggett

gtctggaatyg

tgaaaggcceg

actcactgeg

ctgctetgga

gecegteggt

tgggctgect

cecctgaccete

tgtccteegt

tcaaccataa

agactcacac

tcttecegee

tggtggtgga

tggaagtgca

tggtgtcegt

aagtgtccaa

agcctegaga

tcccaccata

tcegeegtgga

tgctggacte

ggctggaagg

ctcagaagag

D NO 160

cggtggtgge

taccttcact

ggttagccat

ttttaccatt

tgccgaagat

ctactgggge

gttecegety

tgtgaaggat

cggagtgeat

ggtcaccgte

gecctegaac

ttgccegect

caagccgaag

cgtgteccac

caacgccaag

gctcactgty

caaggcgetyg

accacaggtyg

caaccaggtce

gtgggagage

cgacggetec

gaacgtctte

cttgteeetyg

ctggtacage

catacttata

atttctcega

tctegegaca

acggcegtgt

cagggaaccc

gececcategt

tactttceeg

acttteccegyg

ccttegtect

accaaggteg

tgcccagece

gataccctga

gaggacccgyg

accaagccac

ctgcaccaag

cctgecccaa

tacaccctge

agcctgacct

aatgggcagc

ttcttectet

tcatgceteeg

tegeceggt

365

Tyr Pro Ser
380

Asn Asn Tyr

Phe Leu Tyr

Asn Val Phe

430

Thr Gln Lys
445

cgggtggtte
tgagctgggt
cttatagcac
acaacaagaa
attactgtge
tggtcaccgt
ccaagagcac
agcccgteac
ctgtgettcea
ccctgggeac
acaagaaggt
cggaagctge
tgatctcacy
aagtgaaatt
gggaagaaca
actggctgaa
ttgagaaaac
ccccateecey
gectggtcaa
cggagaacaa
acagcaagct

tgatgcatga

Asp Ile
Lys Thr
400

Ser Lys
415

Ser Cys

Ser Leu

tctgegtety
gegtcagget
taccaactat
cacgctgtac
gagatacaac
ctcgagtget
atcagggggt
agtgtcctygyg
gtcetetgge
ccagacctat
cgagccgaag
cggtggtect
gacccecgaa
caattggtac
gtacaactct
cgggaaggag
tatctcgaaa
ggatgagcetg
aggcttctat

ctacaagacc

caccgtggge

ggcgetgeac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1359



US 12,319,739 B2
361 362

-continued

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-272
mAb2 HCDR2 (Kabat)

<400> SEQUENCE: 160

His Ile Ser Pro Thr Tyr Ser Thr Thr Asn Tyr Ala Asp Ser Val Lys
1 5 10 15

Gly

<210> SEQ ID NO 161

<211> LENGTH: 453

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-273
mAb2 without LALA

<400> SEQUENCE: 161

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Thr His Thr
20 25 30

Tyr Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Ser Ile Ser Pro Thr Tyr Ser Thr Thr Asn Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Asn Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Tyr Asn Ala Tyr His Ala Ala Leu Asp Tyr Trp Gly Gln Gly
100 105 110

Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe
115 120 125

Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu
130 135 140

Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp
145 150 155 160

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu
165 170 175

Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser
180 185 190

Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro
195 200 205

Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys
210 215 220

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
225 230 235 240

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser
245 250 255

Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp
260 265 270

Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn
275 280 285



363

US 12,319,739 B2

-continued

364

Ala

305

Tyr

Thr

Leu

Gln

Ala

385

Thr

Leu

Ser

Lys

290

Ser

Lys

Ile

Pro

Val

370

Val

Pro

Thr

Val

Thr

Val

Cys

Ser

Pro

355

Ser

Glu

Pro

Val

Met

Lys

Leu

Lys

Lys

340

Ser

Leu

Trp

Val

Gly

420

His

Pro

Thr

Val

325

Ala

Arg

Thr

Glu

Leu

405

Ala

Glu

Arg

Val

310

Ser

Lys

Asp

Cys

Ser

390

Asp

Asp

Ala

Glu

295

Leu

Asn

Gly

Glu

Leu

375

Asn

Ser

Arg

Leu

Glu

His

Lys

Gln

Leu

360

Val

Gly

Asp

Trp

His

Gln

Gln

Ala

Pro

345

Pro

Lys

Gln

Gly

Leu

425

Asn

Tyr

Asp

Leu

330

Arg

Tyr

Gly

Pro

Ser

410

Glu

His

Asn

Trp

315

Pro

Glu

Ile

Phe

Glu

395

Phe

Gly

Tyr

Ser

300

Leu

Ala

Pro

Ile

Tyr

380

Asn

Phe

Asn

Thr

Thr

Asn

Pro

Gln

Pro

365

Pro

Asn

Leu

Val

Gln

Tyr

Gly

Ile

Val

350

Pro

Ser

Tyr

Tyr

Phe

430

Lys

Arg

Lys

Glu

335

Tyr

Tyr

Asp

Lys

Ser

415

Ser

Ser

Val

Glu

320

Lys

Thr

Asn

Ile

Thr

400

Lys

Cys

Leu

435

Ser Leu Ser
450

<210> SEQ I
<211> LENGT.
<212> TYPE:

Pro Gly

D NO 162
H: 1359
DNA

440

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-273

RE:

mAb2 without LALA

<400> SEQUENCE: 162

gaagtgcaac

agttgcgegg

ccgggcaaag

gecggatageg

ctgcagatga

gegtatcatg

agcactaagg

accgeagecc

aacagcggag

ctgtactcat

atctgtaatg

tcgtgegaca

teggtgttec

gtgacctgty

gtggatggag

acctaccgeg

tacaagtgca

gccaagggac

tgctggagte

ccagtggett

gtctggaatyg

tgaaaggcceg

actcactgeg

ctgctetgga

gecegteggt

tgggctgect

cecctgaccete

tgtccteegt

tcaaccataa

agactcacac

tcttecegee

tggtggtgga

tggaagtgca

tggtgtcegt

aagtgtccaa

agcctegaga

cggtggtgge

taccttcact

ggttagcteg

ttttaccatt

tgccgaagat

ctactgggge

gttecegety

tgtgaaggat

cggagtgeat

ggtcaccgte

gecctegaac

ttgccegect

caagccgaag

cgtgteccac

caacgccaag

gctcactgty

caaggcgetyg

accacaggtyg

ctggtacage

catacttata

atttctcega

tctegegaca

acggcegtgt

cagggaaccc

gececcategt

tactttceeg

acttteccegyg

ccttegtect

accaaggteg

tgcccagece

gataccctga

gaggacccgyg

accaagccac

ctgcaccaag

cctgecccaa

tacaccctge

445

cgggtggttc

tgagctgggt

cttatagcac

acaacaagaa

attactgtge

tggtcaccgt

ccaagagcac

agcccgteac

ctgtgettcea

ccctgggeac

acaagaaggt

cggaactget

tgatctcacy

aagtgaaatt

gggaagaaca

actggctgaa

ttgagaaaac

ccccateecey

tctgegtety

gegtcagget

taccaactat

cacgctgtac

gagatacaac

ctcgagtget

atcagggggt

agtgtcctygyg

gtcetetgge

ccagacctat

cgagccgaag

gggtggtcct

gacccecgaa

caattggtac

gtacaactct

c¢gggaaggag

tatctcgaaa

ggatgagctg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080



365

US 12,319,739 B2

366

-continued
ccatacatca tcccaccata caaccaggtc agcctgacct gectggtcaa aggcttctat 1140
cccagegaca tcegecgtgga gtgggagage aatgggcage cggagaacaa ctacaagacce 1200
acgccteceg tgctggacte cgacggctcee ttettectet acagcaaget caccgtgggce 1260
gcagataggt ggctggaagg gaacgtcttc tcatgctceg tgatgcatga ggcgctgcac 1320
aaccactaca ctcagaagag cttgtccctg tcgecccggt 1359
<210> SEQ ID NO 163
<211> LENGTH: 453
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-273

mAb2 with LALA

<400> SEQUENCE:

Glu Val Gln Leu

1

Ser

Tyr

Ser

Lys

65

Leu

Ala

Thr

Pro

Gly

145

Asn

Gln

Ser

Ser

Thr

225

Ser

Arg

Pro

Ala

Leu

Met

Ser

50

Gly

Gln

Arg

Leu

Leu

130

Cys

Ser

Ser

Ser

Asn

210

His

Val

Thr

Glu

Lys
290

Arg

Ser

35

Ile

Arg

Met

Tyr

Val

115

Ala

Leu

Gly

Ser

Leu

195

Thr

Thr

Phe

Pro

Val

275

Thr

Leu

20

Trp

Ser

Phe

Asn

Asn

100

Thr

Pro

Val

Ala

Gly

180

Gly

Lys

Cys

Leu

Glu
260

Lys

Lys

163

Leu Glu

5

Ser Cys

Val Arg

Pro Thr

Thr Ile

Ser Leu

85

Ala Tyr

Val Ser

Ser Ser

Lys Asp

150

Leu Thr
165

Leu Tyr

Thr Gln

Val Asp

Pro Pro
230

Phe Pro
245
Val Thr

Phe Asn

Pro Arg

Ser

Ala

Gln

Tyr

55

Ser

Arg

His

Ser

Lys

135

Tyr

Ser

Ser

Thr

Lys

215

Cys

Pro

Cys

Trp

Glu
295

Gly

Ala

Ala

40

Ser

Arg

Ala

Ala

Ala

120

Ser

Phe

Gly

Leu

Tyr

200

Lys

Pro

Lys

Val

Tyr
280

Glu

Gly

Ser

25

Pro

Thr

Asp

Glu

Ala

105

Ser

Thr

Pro

Val

Ser

185

Ile

Val

Ala

Pro

Val
265

Val

Gln

Gly

10

Gly

Gly

Thr

Asn

Asp

90

Leu

Thr

Ser

Glu

His

170

Ser

Cys

Glu

Pro

Lys

250

Val

Asp

Tyr

Leu

Phe

Lys

Asn

Asn

75

Thr

Asp

Lys

Gly

Pro

155

Thr

Val

Asn

Pro

Glu

235

Asp

Asp

Gly

Asn

Val

Thr

Gly

Tyr

60

Lys

Ala

Tyr

Gly

Gly

140

Val

Phe

Val

Val

Lys

220

Ala

Thr

Val

Val

Ser
300

Gln

Phe

Leu

45

Ala

Asn

Val

Trp

Pro

125

Thr

Thr

Pro

Thr

Asn

205

Ser

Ala

Leu

Ser

Glu

285

Thr

Pro

Thr

30

Glu

Asp

Thr

Tyr

Gly

110

Ser

Ala

Val

Ala

Val

190

His

Cys

Gly

Met

His
270

Val

Tyr

Gly

15

His

Trp

Ser

Leu

Tyr

95

Gln

Val

Ala

Ser

Val

175

Pro

Lys

Asp

Gly

Ile
255
Glu

His

Arg

Gly

Thr

Val

Val

Tyr

80

Cys

Gly

Phe

Leu

Trp

160

Leu

Ser

Pro

Lys

Pro

240

Ser

Asp

Asn

Val



367

US 12,319,739 B2

-continued

368

Val Ser Val
305

Tyr Lys Cys

Thr Ile Ser

Leu Pro Pro

355

Gln Val Ser
370

Ala Val Glu
385

Thr Pro Pro
Leu Thr Val
Ser Val Met

435
Ser Leu Ser

450

<210> SEQ I
<211> LENGT.
<212> TYPE:

Leu Thr Val Leu His
310

Lys Val Ser Asn Lys

325

Lys Ala Lys Gly Gln

340

Ser Arg Asp Glu Leu

360

Leu Thr Cys Leu Val

375

Trp Glu Ser Asn Gly
390

Val Leu Asp Ser Asp

405

Gly Ala Asp Arg Trp

420

His Glu Ala Leu His

Pro Gly

D NO 164
H: 1359
DNA

440

Gln

Ala

Pro

345

Pro

Lys

Gln

Gly

Leu

425

Asn

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-273

mAb2

RE:

with LALA

<400> SEQUENCE: 164

gaagtgcaac

agttgcgegg

ccgggcaaag

gecggatageg

ctgcagatga

gegtatcatg

agcactaagg

accgeagecc

aacagcggag

ctgtactcat

atctgtaatg

tcgtgegaca

teggtgttec

gtgacctgty

gtggatggag

acctaccgeg

tacaagtgca

gccaagggac

ccatacatca

tgctggagte

ccagtggett

gtctggaatyg

tgaaaggcceg

actcactgeg

ctgctetgga

gecegteggt

tgggctgect

cecctgaccete

tgtccteegt

tcaaccataa

agactcacac

tcttecegee

tggtggtgga

tggaagtgca

tggtgtcegt

aagtgtccaa

agcctegaga

tcccaccata

cggtggtgge

taccttcact

ggttagcteg

ttttaccatt

tgccgaagat

ctactgggge

gttecegety

tgtgaaggat

cggagtgeat

ggtcaccgte

gecctegaac

ttgccegect

caagccgaag

cgtgteccac

caacgccaag

gctcactgty

caaggcgetyg

accacaggtyg

caaccaggtce

Asp

Leu

330

Arg

Tyr

Gly

Pro

Ser

410

Glu

His

Trp

315

Pro

Glu

Ile

Phe

Glu

395

Phe

Gly

Tyr

ctggtacage

catacttata

atttctcega

tctegegaca

acggcegtgt

cagggaaccc

gececcategt

tactttceeg

acttteccegyg

ccttegtect

accaaggteg

tgcccagece

gataccctga

gaggacccgyg

accaagccac

ctgcaccaag

cctgecccaa

tacaccctge

agcctgacct

Leu Asn Gly

Ala Pro Ile

Pro Gln Val

350

Ile Pro Pro
365

Tyr Pro Ser
380

Asn Asn Tyr

Phe Leu Tyr

Asn Val Phe

430

Thr Gln Lys
445

cgggtggtte
tgagctgggt
cttatagcac
acaacaagaa
attactgtge
tggtcaccgt
ccaagagcac
agcccgteac
ctgtgettcea
ccctgggeac
acaagaaggt
cggaagctge
tgatctcacy
aagtgaaatt
gggaagaaca
actggctgaa
ttgagaaaac
ccccateecey

gectggtcaa

Lys Glu
320

Glu Lys
335

Tyr Thr

Tyr Asn

Asp Ile

Lys Thr
400

Ser Lys
415

Ser Cys

Ser Leu

tctgegtety
gegtcagget
taccaactat
cacgctgtac
gagatacaac
ctcgagtget
atcagggggt
agtgtcctygyg
gtcetetgge
ccagacctat
cgagccgaag
cggtggtect
gacccecgaa
caattggtac
gtacaactct
cgggaaggag
tatctcgaaa
ggatgagetg

aggcttctat

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140
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370

-continued
cccagegaca tegeegtgga gtgggagage aatgggeage cggagaacaa ctacaagacce
acgccteceg tgctggacte cgacggetcee ttettectet acagcaaget caccgtggge
gcagataggt ggctggaagg gaacgtctte tcatgetceg tgatgcatga ggegetgeac
aaccactaca ctcagaagag cttgtcectg tegeceggt
<210> SEQ ID NO 165
<211> LENGTH: 17
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-273

mAb2 HCDR2 (Kabat)

<400> SEQUENCE:

165

Ser Ile Ser Pro Thr Tyr Ser Thr Thr Asn Tyr Ala Asp Ser Val Lys

1

Gly

<210>
<211>
<212>
<213>
<220>
<223>

PRT

with LALA

<400> SEQUENCE:

Glu Val Gln Leu

1

Ser

Phe

Ser

Lys

65

Leu

Ala

Leu

Leu

Cys

145

Ser

Ser

Ser

Asn

His
225

Leu

Met

Met

50

Gly

Gln

Arg

Val

Ala

130

Leu

Gly

Ser

Leu

Thr
210

Thr

Arg

Val

35

Ile

Arg

Met

Tyr

Thr

115

Pro

Val

Ala

Gly

Gly

195

Lys

Cys

Leu

20

Trp

Ser

Phe

Asn

His

100

Val

Ser

Lys

Leu

Leu

180

Thr

Val

Pro

5

SEQ ID NO 166
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: heavy chain of

447

166

Leu

Ser

Val

Pro

Thr

Ser

85

Ile

Ser

Ser

Asp

Thr

165

Tyr

Gln

Asp

Pro

Glu

Cys

Arg

Lys

Ile

Leu

Ser

Ser

Lys

Tyr

150

Ser

Ser

Thr

Lys

Cys
230

Ser

Ala

Gln

Ser

55

Ser

Arg

Pro

Ala

Ser

135

Phe

Gly

Leu

Tyr

Lys

215

Pro

Gly

Ala

Ala

40

Ser

Arg

Ala

Arg

Ser

120

Thr

Pro

Val

Ser

Ile
200

Val

Ala

Gly

Ser

25

Pro

Asn

Asp

Glu

Phe

105

Thr

Ser

Glu

His

Ser
185
Cys

Glu

Pro

10

Gly

Gly

Gly

Thr

Asn

Asp

90

Asp

Lys

Gly

Pro

Thr

170

Val

Asn

Pro

Glu

15

1200

1260

1320

1359

FS22m-063-AA/FS28m-228-010 mAb2

Leu

Phe

Lys

Tyr

Ser

75

Thr

Tyr

Gly

Gly

Val

155

Phe

Val

Val

Lys

Ala
235

Val

Thr

Gly

Tyr

60

Lys

Ala

Trp

Pro

Thr

140

Thr

Pro

Thr

Asn

Ser
220

Ala

Gln

Phe

Leu

45

Ala

Asn

Val

Gly

Ser

125

Ala

Val

Ala

Val

His

205

Cys

Gly

Pro

Ser

30

Glu

Asp

Thr

Tyr

Gln

110

Val

Ala

Ser

Val

Pro
190
Lys

Asp

Gly

Gly

Thr

Trp

Ser

Leu

Tyr

95

Gly

Phe

Leu

Trp

Leu

175

Ser

Pro

Lys

Pro

Gly

Tyr

Val

Val

Tyr

80

Cys

Thr

Pro

Gly

Asn

160

Gln

Ser

Ser

Thr

Ser
240
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371

-continued

372

Thr

Glu

Lys

Ser

305

Lys

Ile

Pro

Leu

Asn

385

Ser

Arg

<210>
<211>
<212>
<213>
<220>
<223>

Phe

Pro

Val

Thr

290

Val

Cys

Ser

Pro

Val

370

Gly

Asp

Trp

His

Leu

Glu

Lys

275

Lys

Leu

Lys

Lys

Ser

355

Lys

Gln

Gly

Glu

Asn
435

Phe

Val

260

Phe

Pro

Thr

Val

Ala

340

Arg

Gly

Pro

Ser

Leu

420

His

PRT

<400> SEQUENCE:

Pro

245

Thr

Asn

Arg

Val

Ser

325

Lys

Asp

Phe

Glu

Phe

405

Gly

Tyr

SEQ ID NO 167
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: heavy chain of

445

167

Gln Val Gln Leu Gln

1

Thr

Gly

Gly

Ser

65

Arg

Arg

Thr

Pro

145

Leu

Val

Met

50

Arg

Leu

Glu

Val

Ser
130

Lys

Ser

Asn

35

Ile

Val

Ser

Arg

Ser

115

Ser

Asp

Leu

20

Trp

Trp

Thr

Ser

Asp

100

Ser

Lys

Tyr

5

Thr

Val

Gly

Met

Val

85

Tyr

Ala

Ser

Phe

Pro

Cys

Trp

Glu

Leu

310

Asn

Gly

Glu

Tyr

Asn

390

Phe

Asn

Thr

Glu

Cys

Arg

Asp

Leu

70

Thr

Arg

Ser

Thr

Pro
150

Lys Pro Lys Asp Thr Leu Met Ile Ser
250 255

Val Val Val Asp Val Ser His Glu Asp
265 270

Tyr Val Asp Gly Val Glu Val His Asn
280 285

Glu Gln Tyr Asn Ser Thr Tyr Arg Val
295 300

His Gln Asp Trp Leu Asn Gly Lys Glu
315

Lys Ala Leu Pro Ala Pro Ile Glu Lys
330 335

Gln Pro Arg Glu Pro Gln Val Tyr Thr
345 350

Pro Tyr Trp Ser Tyr Val Ser Leu Thr
360 365

Pro Ser Asp Ile Ala Val Glu Trp Glu
375 380

Asn Tyr Lys Thr Thr Pro Pro Val Leu
395

Leu Tyr Ser Lys Leu Thr Val Met Asn
410 415

Val Phe Ser Cys Ser Val Met His Glu
425 430

Gln Lys Ser Leu Ser Leu Ser Pro Gly
440 445

Ser Gly Pro Gly Leu Val Arg Pro Ser
10 15

Thr Val Ser Gly Ser Thr Phe Ser Gly
25 30

Gln Pro Pro Gly Arg Gly Leu Glu Trp
40 45

Gly Asn Thr Asp Tyr Asn Ser Ala Leu

Val Asp Thr Ser Lys Asn Gln Phe Ser
75

Ala Ala Asp Thr Ala Val Tyr Tyr Cys
90 95

Leu Asp Tyr Trp Gly Gln Gly Ser Leu
105 110

Thr Lys Gly Pro Ser Val Phe Pro Leu
120 125

Ser Gly Gly Thr Ala Ala Leu Gly Cys
135 140

Glu Pro Val Thr Val Ser Trp Asn Ser
155

Arg

Pro

Ala

Val

Tyr

320

Thr

Leu

Cys

Ser

Asp

400

Tyr

Ala

FS22m-063-AA/HelD1.3 mAb2

Gln

Tyr

Ile

Lys

Leu

80

Ala

Val

Ala

Leu

Gly
160
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-continued

374

Ala Leu Thr Ser Gly Val His Thr Phe Pro

165 170

Gly Leu Tyr Ser Leu Ser Ser Val Val Thr

180 185

Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn

195 200

Lys Val Asp Lys Lys Val Glu Pro Lys Ser
210 215

Cys Pro Pro Cys Pro Ala Pro Glu Ala Ala

225

230

Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu

245 250

Glu Val Thr Cys Val Val Val Asp Val Ser

260 265

Lys Phe Asn Trp Tyr Val Asp Gly Val Glu

275 280

Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr
290 295

Leu Thr Val Leu His Gln Asp Trp Leu Asn

305

310

Lys Val Ser Asn Lys Ala Leu Pro Ala Pro

325 330

Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln

340 345

Ser Arg Asp Glu Pro Tyr Trp Ser Tyr Val

355 360

Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val
370 375

Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro

385

390

Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr

405 410

Glu Leu Gly Asn Val Phe Ser Cys Ser Val

420 425

Asn His Tyr Thr Gln Lys Ser Leu Ser Leu

<210>
<211>
<212>
<213>
<220>
<223>

<400>

435 440

SEQ ID NO 168

LENGTH: 214

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: light chain of

SEQUENCE: 168

Asp Ile Gln Met Thr Gln Ser Pro Ala Ser

1

5 10

Glu Thr Val Thr Ile Thr Cys Arg Ala Ser

20 25

Leu Ala Trp Tyr Gln Gln Lys Gln Gly Lys

35 40

Tyr Asn Ala Lys Thr Leu Ala Asp Gly Val

50

55

Ser Gly Ser Gly Thr Gln Tyr Ser Leu Lys

65

70

Ala

Val

His

Cys

Gly

235

Met

His

Val

Tyr

Gly

315

Ile

Val

Ser

Glu

Pro

395

Val

Met

Ser

FS22m-063-AA/HelD1.3 mAb2

Leu

Gly

Ser

Pro

Ile
75

Val

Pro

Lys

Asp

220

Gly

Ile

Glu

His

Arg

300

Lys

Glu

Tyr

Leu

Trp

380

Val

Met

His

Pro

Ser

Asn

Pro

Ser

60

Asn

Leu

Ser

Pro

205

Lys

Pro

Ser

Asp

Asn

285

Val

Glu

Lys

Thr

Thr

365

Glu

Leu

Asn

Glu

Gly
445

Ala

Ile

Gln

45

Arg

Ser

Gln

Ser

190

Ser

Thr

Ser

Arg

Pro

270

Ala

Val

Tyr

Thr

Leu

350

Cys

Ser

Asp

Tyr

Ala
430

Ser

His

30

Leu

Phe

Leu

Ser

175

Ser

Asn

His

Val

Thr

255

Glu

Lys

Ser

Lys

Ile

335

Pro

Leu

Asn

Ser

Arg

415

Leu

Val

15

Asn

Leu

Ser

Gln

Ser

Leu

Thr

Thr

Phe

240

Pro

Val

Thr

Val

Cys

320

Ser

Pro

Val

Gly

Asp

400

Trp

His

Gly

Tyr

Val

Gly

Pro
80
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-continued

376

Glu

Thr

Pro

Thr

Lys

145

Glu

Ser

Ala

Phe

<210>
<211>
<212>
<213>
<220>
<223>

Asp

Phe

Ser

Ala

130

Val

Ser

Thr

Cys

Asn
210

Phe

Gly

Val

115

Ser

Gln

Val

Leu

Glu

195

Arg

Gly

Gly

100

Phe

Val

Trp

Thr

Thr

180

Val

Gly

PRT

with LALA

<400> SEQUENCE:

Glu

1

Ser

Ala

Ser

Lys

65

Leu

Ala

Trp

Pro

Thr

145

Thr

Pro

Thr

Val Gln Leu

Leu

Met

Arg

Gly

Gln

Arg

Gly

Ser

130

Ala

Val

Ala

Val

His

Arg

Ser

35

Ile

Arg

Met

Gly

Gln

115

Val

Ala

Ser

Val

Pro
195

Lys

Leu

20

Trp

Asn

Phe

Asn

Trp

100

Gly

Phe

Leu

Trp

Leu
180

Ser

Pro

Ser

Gly

Ile

Val

Lys

Glu

165

Leu

Thr

Glu

SEQ ID NO 169
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: FS22-172-003-AA/FS28-185-002 mAb2 heavy chain

457

169

Leu

Ser

Val

Pro

Thr

Ser

85

Ser

Thr

Pro

Gly

Asn

165

Gln

Ser

Ser

Tyr

Thr

Phe

Cys

Val

150

Gln

Ser

His

Cys

Glu

Cys

Arg

Tyr

Ile

70

Leu

Ser

Leu

Leu

Cys

150

Ser

Ser

Ser

Asn

Tyr

Lys

Pro

Leu

135

Asp

Asp

Lys

Gln

Ser

Ala

Gln

Glu

55

Ser

Arg

Asp

Val

Ala

135

Leu

Gly

Ser

Leu

Thr

Cys

Leu

Pro

120

Leu

Asn

Ser

Ala

Gly
200

Gly

Ala

Ala

40

Gly

Arg

Ala

Thr

Thr

120

Pro

Val

Ala

Gly

Gly

200

Lys

Gln

Glu

105

Ser

Asn

Ala

Lys

Asp

185

Leu

Gly

Ser

25

Pro

Glu

Asp

Glu

Trp

105

Val

Ser

Lys

Leu

Leu

185

Thr

Val

His

Ile

Asp

Asn

Leu

Asp

170

Tyr

Ser

Gly

10

Gly

Gly

Thr

Asn

Asp

90

Phe

Ser

Ser

Asp

Thr
170
Tyr

Gln

Asp

Phe

Lys

Glu

Phe

Gln

155

Ser

Glu

Ser

Leu

Phe

Lys

Asn

Ser

75

Thr

Lys

Ser

Lys

Tyr

155

Ser

Ser

Thr

Lys

Trp

Arg

Gln

Tyr

140

Ser

Thr

Lys

Pro

Val

Thr

Gly

Tyr

60

Lys

Ala

Ser

Ala

Ser

140

Phe

Gly

Leu

Tyr

Lys

Ser

Thr

Leu

125

Pro

Gly

Tyr

His

Val
205

Gln

Phe

Leu

45

Ala

Asn

Val

Ala

Ser

125

Thr

Pro

Val

Ser

Ile
205

Val

Thr

Val

110

Lys

Arg

Asn

Ser

Lys

190

Thr

Pro

Thr

30

Glu

Asp

Thr

Tyr

Thr

110

Thr

Ser

Glu

His

Ser
190

Cys

Glu

Pro

95

Ala

Ser

Glu

Ser

Leu

175

Val

Lys

Gly

15

Thr

Trp

Ser

Leu

Tyr

95

Asp

Lys

Gly

Pro

Thr
175
Val

Asn

Pro

Arg

Ala

Gly

Ala

Gln

160

Ser

Tyr

Ser

Gly

Ser

Val

Val

Tyr

80

Cys

Tyr

Gly

Gly

Val

160

Phe

Val

Val

Lys
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377 378

-continued

210 215 220

Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Ala
225 230 235 240

Ala Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
245 250 255

Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val
260 265 270

Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val
275 280 285

Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser
290 295 300

Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu
305 310 315 320

Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala
325 330 335

Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro
340 345 350

Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Pro Tyr Ile Ile
355 360 365

Pro Pro Tyr Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr
370 375 380

Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn
385 390 395 400

Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe
405 410 415

Leu Tyr Ser Lys Leu Thr Val Gly Ala Asp Arg Trp Leu Glu Gly Asn
420 425 430

Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr
435 440 445

Gln Lys Ser Leu Ser Leu Ser Pro Gly
450 455

<210> SEQ ID NO 170

<211> LENGTH: 1371

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: FS22-172-003-AA/FS28-185-002 mAb2 heavy chain
with LALA

<400> SEQUENCE: 170

gaagtgcaac tgctggagtc cggtggtggt ctggtacage cgggtggtte tetgegtetg 60
agttgcegegyg ccagtggett taccttcact acatctgeta tgagetgggt gegtcagget 120
ccgggcaaag gtetggaatg ggttagecagg attaatcegt atgagggega gaccaactat 180
gecggatageg tgaaaggceg ttttaccatt tctegegaca acagcaagaa cacgetgtac 240
ctgcagatga actcactgeg tgccgaagat acggecgtgt attactgtge gagaggttgg 300
tctagtgata cgtggtttaa atctgecacg gactactggg gecagggaac cctggtcace 360
gtctegagtyg ctagcactaa gggcecegteg gtgttecege tggecccatce gtecaagage 420
acatcagggg gtaccgecge cctgggetge cttgtgaagg attactttee cgageccegte 480
acagtgtcct ggaacagegg agccctgace tceggagtge atactttece ggetgtgett 540
cagtcctetyg gectgtacte attgtectee gtggtcaceg tecettegte ctecctggge 600

acccagacct atatctgtaa tgtcaaccat aagcectega acaccaaggt cgacaagaag 660
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380

-continued
gtegagecga agtcgtgcga caagactcac acttgeccge cttgcccage ceccggaaget 720
geeggtggte ctteggtgtt cctetteceg cccaagecga aggataccct gatgatctca 780
cggacccceeg aagtgacctg tgtggtggtg gacgtgtece acgaggacce ggaagtgaaa 840
ttcaattggt acgtggatgg agtggaagtg cacaacgcca agaccaagcc acgggaagaa 900
cagtacaact ctacctaccg cgtggtgtce gtgctcactyg tgctgcacca agactggcetg 960
aacgggaagg agtacaagtg caaagtgtcc aacaaggcge tgcctgcccce aattgagaaa 1020
actatctcga aagccaaggg acagcctcga gaaccacagyg tgtacaccct gcccccatce 1080
cgggatgagce tgccatacat catcccacca tacaaccagg tcagcctgac ctgectggte 1140
aaaggcttet atcccagcga catcgecgtg gagtgggaga gcaatgggca gccggagaac 1200
aactacaaga ccacgcctece cgtgctggac tccgacggcet ccttecttect ctacagcaag 1260
ctcaccgtgg gecgcagatag gtggctggaa gggaacgtcet tcectcatgcte cgtgatgeat 1320
gaggcgctge acaaccacta cactcagaag agcttgtcecce tgtcgeccgg t 1371

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 171
H: 216
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: FS22-172-003-AA/FS28-185-002 mAb2 light chain

<400> SEQUENCE: 171

Glu Ile Val
1

Glu Arg Ala

Tyr Leu Ala
35

Ile Tyr Gly
50

Gly Ser Gly

Pro Glu Asp

Pro Val Thr

Ala Ala Pro
115

Ser Gly Thr
130

Glu Ala Lys
145

Ser Gln Glu
Leu Ser Ser
Val Tyr Ala

195
Lys Ser Phe

210

<210> SEQ I

Leu Thr Gln Ser Pro

5

Thr Leu Ser Cys Arg

20

Trp Tyr Gln Gln Lys

40

Ala Ser Ser Arg Ala

55

Ser Gly Thr Asp Phe

70

Phe Ala Val Tyr Tyr

85

Phe Gly Gln Gly Thr

100

Ser Val Phe Ile Phe

120

Ala Ser Val Val Cys

135

Val Gln Trp Lys Val
150

Ser Val Thr Glu Gln

165

Thr Leu Thr Leu Ser

180

Cys Glu Val Thr His

200

Asn Arg Gly Glu Cys

D NO 172

215

Gly Thr Leu
10

Ala Ser Gln
25

Pro Gly Gln

Thr Gly Ile

Thr Leu Thr
75

Cys Gln Gln
90

Lys Val Glu
105

Pro Pro Ser

Leu Leu Asn

Asp Asn Ala
155

Asp Ser Lys
170

Lys Ala Asp
185

Gln Gly Leu

Ser Leu Ser

Ser Val Ser

30

Ala Pro Arg

45

Pro Asp Arg

60

Ile Ser Arg

Ser Ser Tyr

Ile Lys Arg
110

Pro Gly
15

Ser Ser

Leu Leu

Phe Ser

Leu Glu
80

Ser Ala
95

Thr Val

Asp Glu Gln Leu Lys

125

Asn Phe Tyr

140

Leu Gln Ser

Asp Ser Thr

Tyr Glu Lys

190

Ser Ser Pro

205

Pro Arg

Gly Asn
160

Tyr Ser
175

His Lys

Val Thr
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381 382

-continued

<211> LENGTH: 648

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: FS22-172-003-AA/FS28-185-002 mAb2 light chain

<400> SEQUENCE: 172

gaaattgtgce tgacccagtce tccgggcacyg ttatctetga gecctggtga gegegecact 60
ctgtcatgee gggcettcetca aagtgttage agtagctace tggegtggta tcagcaaaaa 120
cegggecagyg ccccgegtet getgatttac ggtgeatcca gecgtgecac cggcattcca 180
gatcgttttt ccggtagtgg ttctgggacyg gacttcacte tgacaatcte acgectggaa 240
ccggaggatt ttgeggtgta ttactgecag caatcttett attetgetcee tgtcacgtte 300
ggccaaggga ccaaggtgga aatcaaacgt actgtggceg ctectagegt gttcattttt 360
ccgecateeg acgagcaget caagtcecgge accgecteeg tggtcetgect getcaacaac 420
ttctacccte gegaagctaa ggtccagtgg aaggtcgaca atgecctgea gtcecggaaac 480
tcgcaggaaa gcegtgactga acaggactcce aaggactcca cctattcact gtectcegact 540
ctgaccctga gcaaggcegga ttacgaaaag cacaaagtgt acgcatgega agtgacccac 600
cagggtcttt cgtcceccegt gaccaagage ttcaacagag gagagtgt 648

<210> SEQ ID NO 173

<211> LENGTH: 457

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: FS22-172-003-AA/FS28-185-003 mAb2 heavy chain
with LALA

<400> SEQUENCE: 173

Glu Val Gln Leu Leu Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Thr Thr Ser
20 25 30

Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ser Arg Ile Asn Pro Tyr Glu Gly Glu Thr Asn Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Gly Trp Ser Ala Thr Ser Tyr Phe Lys Ser Ala Thr Asp Tyr
100 105 110

Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly
115 120 125

Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly
130 135 140

Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val
145 150 155 160

Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe
165 170 175

Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val
180 185 190

Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val
195 200 205
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-continued

384

Asn His Lys
210

Ser Cys Asp
225

Ala Gly Gly

Leu Met Ile

Ser His Glu

275

Glu Val His
290

Thr Tyr Arg
305

Asn Gly Lys

Pro Ile Glu

Gln Val Tyr

355

Pro Pro Tyr
370

Pro Ser Asp
385

Asn Tyr Lys

Leu Tyr Ser

Val Phe Ser
435

Gln Lys Ser
450

<210> SEQ I
<211> LENGT.
<212> TYPE:

Pro Ser Asn Thr Lys

215

Lys Thr His Thr Cys
230

Pro Ser Val Phe Leu

245

Ser Arg Thr Pro Glu

260

Asp Pro Glu Val Lys

280

Asn Ala Lys Thr Lys

295

Val Val Ser Val Leu
310

Glu Tyr Lys Cys Lys

325

Lys Thr Ile Ser Lys

340

Thr Leu Pro Pro Ser

360

Asn Gln Val Ser Leu

375

Ile Ala Val Glu Trp
390

Thr Thr Pro Pro Val

405

Lys Leu Thr Val Gly

420

Cys Ser Val Met His

440

Leu Ser Leu Ser Pro

D NO 174
H: 1371
DNA

455

Val Asp Lys
Pro Pro Cys
235

Phe Pro Pro
250

Val Thr Cys
265

Phe Asn Trp

Pro Arg Glu

Thr Val Leu

315

Val Ser Asn
330

Ala Lys Gly
345

Arg Asp Glu

Thr Cys Leu

Glu Ser Asn

395

Leu Asp Ser
410

Ala Asp Arg
425

Glu Ala Leu

Gly

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

Lys Val Glu
220

Pro Ala Pro

Lys Pro Lys

Val Val Val

270

Tyr Val Asp
285

Glu Gln Tyr
300

His Gln Asp

Lys Ala Leu

Gln Pro Arg

350

Leu Pro Tyr
365

Val Lys Gly
380

Gly Gln Pro

Asp Gly Ser

Trp Leu Glu
430

His Asn His
445

Pro Lys
Glu Ala
240

Asp Thr
255

Asp Val

Gly Val

Asn Ser

Trp Leu
320

Pro Ala
335

Glu Pro

Ile Ile

Phe Tyr

Glu Asn

400

Phe Phe
415

Gly Asn

Tyr Thr

<223> OTHER INFORMATION: FS22-172-003-AA/FS28-185-003 mAb2 heavy chain

with

LALA

<400> SEQUENCE: 174

gaagtgcaac

agttgcgegg

ccgggcaaag

gecggatageg

ctgcagatga

tctgegacga

gtctegagty

acatcagggyg

acagtgtcct

cagtcetetyg

tgttggagtc

ccagtggett

gtctggaatyg

tgaaaggcceg

actcactgeg

gttattttaa

ctagcactaa

gtaccgcege

ggaacagcgg

gectgtacte

cggtggtgge

taccttcact

ggttagcagg

ttttaccatt

tgccgaagat

atctgecact

gggCCCgth

cctgggetge

agccctgace

attgtectee

ctggtacage

acatctgceta

attaatcegt

tctegegaca

acggcegtgt

gactactggyg

gtgttccege

cttgtgaagyg

tceggagtge

gtggtcaccy

cgggtggttc

tgagctgggt

atgagggcga

acagcaagaa

attactgtge

gccagggaac

tggccecate

attactttce

atactttcce

tcecettegte

tctgegtety

gegtcagget

gaccaactat

cacgctgtac

gagaggttgg

cctggteace

gtccaagage

cgagceegte

ggctgtgett

ctcectggge

60

120

180

240

300

360

420

480

540

600
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-continued
acccagacct atatctgtaa tgtcaaccat aagccctcega acaccaaggt cgacaagaag 660
gtegagecga agtcgtgcga caagactcac acttgeccge cttgcccage ceccggaaget 720
geeggtggte ctteggtgtt cctetteceg cccaagecga aggataccct gatgatctca 780
cggacccceeg aagtgacctg tgtggtggtg gacgtgtece acgaggacce ggaagtgaaa 840
ttcaattggt acgtggatgg agtggaagtg cacaacgcca agaccaagcc acgggaagaa 900
cagtacaact ctacctaccg cgtggtgtce gtgctcactyg tgctgcacca agactggcetg 960
aacgggaagg agtacaagtg caaagtgtcc aacaaggcge tgcctgcccce aattgagaaa 1020
actatctcga aagccaaggg acagcctcga gaaccacagyg tgtacaccct gcccccatce 1080
cgggatgagce tgccatacat catcccacca tacaaccagg tcagcctgac ctgectggte 1140
aaaggcttet atcccagcga catcgecgtg gagtgggaga gcaatgggca gccggagaac 1200
aactacaaga ccacgcctece cgtgctggac tccgacggcet ccttecttect ctacagcaag 1260
ctcaccgtgg gecgcagatag gtggctggaa gggaacgtcet tcectcatgcte cgtgatgeat 1320
gaggcgctge acaaccacta cactcagaag agcttgtcecce tgtcgeccgg t 1371

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 175
H: 216
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: FS22-172-003-AA/FS28-185-003 mAb2 light chain

<400> SEQUENCE: 175

Glu Ile Val
1

Glu Arg Ala
Tyr Leu Ala
35

Ile Tyr Gly
50

Gly Ser Gly
65

Pro Glu Asp

Pro Val Thr

Ala Ala Pro

115

Ser Gly Thr
130

Glu Ala Lys
145

Ser Gln Glu

Leu Ser Ser

Val Tyr Ala
195

Lys Ser Phe
210

Leu Thr Gln Ser Pro

5

Thr Leu Ser Cys Arg

20

Trp Tyr Gln Gln Lys

40

Ala Ser Ser Arg Ala

Ser Gly Thr Asp Phe

70

Phe Ala Val Tyr Tyr

85

Phe Gly Gln Gly Thr

100

Ser Val Phe Ile Phe

120

Ala Ser Val Val Cys

135

Val Gln Trp Lys Val
150

Ser Val Thr Glu Gln

165

Thr Leu Thr Leu Ser

180

Cys Glu Val Thr His

200

Asn Arg Gly Glu Cys

215

Gly Thr Leu
10

Ala Ser Gln
25

Pro Gly Gln

Thr Gly Ile

Thr Leu Thr
75

Cys Gln Gln
90

Lys Val Glu
105

Pro Pro Ser

Leu Leu Asn

Asp Asn Ala
155

Asp Ser Lys
170

Lys Ala Asp
185

Gln Gly Leu

Ser Leu Ser
Ser Val Ser
30

Ala Pro Arg
45

Pro Asp Arg
60

Ile Ser Arg

Ser Ser Tyr

Ile Lys Arg
110

Asp Glu Gln
125

Asn Phe Tyr
140

Leu Gln Ser

Asp Ser Thr

Tyr Glu Lys
190

Ser Ser Pro
205

Pro Gly
15

Ser Ser

Leu Leu

Phe Ser

Leu Glu
80

Ser Ala
95

Thr Val

Leu Lys

Pro Arg

Gly Asn
160

Tyr Ser
175

His Lys

Val Thr
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<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 176
H: 648
DNA

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: FS22-172-003-AA/FS28-185-003 mAb2 light chain

<400> SEQUENCE: 176

gaaattgtge

ctgtcatgee

ccgggcecagyg

gatcgttttt

ccggaggatt

ggccaaggga
cecgecateeg
ttctacccte
tcgcaggaaa
ctgaccctga
cagggtettt
<210> SEQ I

<211> LENGT.
<212> TYPE:

tgacccagte

gggcttcetea

ccecegegtet

ccggtagtgg

ttgcggtgta

ccaaggtgga

acgagcagct

gcgaagctaa

gegtgactga

gcaaggcgga

cgtecccegt

D NO 177

H: 119
PRT

tcegggcacy
aagtgttage
getgatttac
ttctgggacy
ttactgccag
aatcaaacgt
caagtccgge
ggtccagtygg
acaggactcc
ttacgaaaag

gaccaagagc

ttatctctga

agtagctacc

ggtgcatcca

gacttcacte

caatcttcett

actgtggeeg

accgecteeg

aaggtcgaca

aaggactcca

cacaaagtgt

ttcaacagag

<213> ORGANISM: Artificial Sequence

<220> FEATU

RE:

<223> OTHER INFORMATION: heavy chain of
mAb2 VH domain

<400> SEQUENCE: 177

Glu Val Gln Leu Leu Glu Ser Gly

1

Ser Leu Arg

Tyr Met Ser
35

Ser Ala Ile
50

Lys Gly Arg
65

Leu Gln Met

Ala Arg Tyr

Thr Leu Val
115

<210> SEQ I
<211> LENGT.
<212> TYPE:

5

Leu Ser Cys Ala Ala

20

Trp Val Arg Gln Ala

40

Ser Pro Thr Tyr Ser

55

Phe Thr Ile Ser Arg

70

Asn Ser Leu Arg Ala

Asn Ala Tyr His Ala

100

Thr Val Ser Ser

D NO 178
H: 357
DNA

Gly

Ser

25

Pro

Thr

Asp

Glu

Ala
105

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: heavy chain of FS22-172-003-AA/FS28-256-271

mAb2

<400> SEQUE:

VH domain

NCE: 178

Gly

10

Gly

Gly

Thr

Asn

Asp

Leu

FS22-172-003-AA/FS28-256-271

Leu

Phe

Lys

Asn

Asn

75

Thr

Asp

gecetggtga
tggcgtggta
geegtgecac
tgacaatctce
attctgetee
ctcctagegt
tggtctgect
atgccctgea
cctattcact
acgcatgega

gagagtgt

Val Gln Pro

Thr Phe Thr

30

gegegecact
tcagcaaaaa
cggcatteca
acgcctggaa
tgtcacgtte
gttcattttt
gctcaacaac
gtceggaaac
gtcetegact

agtgacccac

Gly Gly
15

His Thr

Gly Leu Glu Trp Val

45

Tyr Ala Asp

60

Lys Asn Thr

Ala Val Tyr

Ser Val

Leu Tyr
80

Tyr Cys
95

Tyr Trp Gly Gln Gly

110

gaagtgcaac tgctggagtc cggtggtggt ctggtacage cgggtggtte tetgegtetg

60

120

180

240

300

360

420

480

540

600

648

60
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agttgcegegg ccagtggett taccttcact catacttata tgagectgggt gcgtcagget 120
ccgggcaaag gtctggaatg ggttagegeg atttctcecga cttatagcac taccaactat 180
gcggatageg tgaaaggecg ttttaccatt tctcgcgaca acaacaagaa cacgctgtac 240
ctgcagatga actcactgcg tgccgaagat acggccgtgt attactgtgc gagatacaac 300
gcgtatcatg ctgctctgga ctactggggc cagggaaccce tggtcacegt ctcgagt 357

The invention claimed is:
1. An antibody molecule that binds to mesothelin (MSLN)
and CD137, comprising
(a) a complementarity determining region (CDR)-based
antigen-binding site for MSLN;
wherein the CDR-based antigen-binding site comprises
the VH CDRI1, VH CDR2, VH CDR3, VL CDRI,
VL CDR2 and VL CDR3, defined according to the
ImMunoGeneTics numbering scheme, set forth in:
(1) SEQ ID NOs 42,33, 44, 20, 22, and 80, respectively
[FS28-256-271];
(11) SEQ ID NOs 14, 16, 27, 20, 22 and 24, respectively
[FS28-024-052];
(iii) SEQ ID NOs 42, 33, 44, 20, 22, and 40, respec-
tively [FS28-256-021];
(iv) SEQ ID NOs 42, 33, 44, 20, 22, and 37, respec-
tively [FS28-256-012];
(v) SEQ ID NOs 50, 33, 52, 20, 22 and 40, respectively
[FS28-256-023];
(vi) SEQID NOs 42,33, 44, 20,22 and 41, respectively
[FS28-256-024];
(vil) SEQ ID NOs 50, 33, 52, 20, 22 and 41, respec-
tively [FS28-256-026];
(viii) SEQ ID NOs 42, 33, 44, 20, 22, and 80, respec-
tively [FS28-256-027];
(ix) SEQ ID NOs 38, 33, 35, 20, 22, and 40, respec-
tively [FS28-256-001];
(x) SEQ ID NOs 38, 33, 35, 20, 22, and 41 respectively
[FS28-256-005];
(xi) SEQ ID NOs 46, 33, 48, 20, 22 and 37, respectively
[FS28-256-014];
(xii) SEQ ID NOs 50, 33, 52, 20, 22 and 37, respec-
tively [FS28-256-018];
(xiii) SEQ ID NOs 31, 33, 35, 20, 22 and 37, respec-
tively [FS28-256];
(xiv) SEQ ID NOs 14, 16, 25, 20, 22 and 24, respec-
tively [FS28-024-051];
(xv) SEQ ID NOs 14, 16, 29, 20, 22 and 24, respec-
tively [FS28-024-053]; or
(xvi) SEQ ID NOs 14, 16, 18, 20, 22 and 24, respec-
tively [FS28-024]; and/or
wherein the CDR-based antigen-binding site comprises
the VH CDR1, VH CDR2, VH CDR3, VL, CDR1, VL
CDR2 and VL CDR3, defined according to the Kabat
numbering scheme set forth in:
(1) SEQ ID NOs 43, 5, 45, 21, 23, and 80, respectively
[FS28-256-271];
(1) SEQID NOs 15,17, 28, 21, 23 and 24, respectively
[FS28-024-052];
(ii1) SEQ ID NOs 43, 34, 45, 21, 23 and 40, respectively
[FS28-256-021];
(iv) SEQ ID NOs 43, 34, 45, 21, 23 and 37, respectively
[FS28-256-012];
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(v) SEQID NOs 51, 34, 53, 21, 23 and 40, respectively
[FS28-256-023];

(vi) SEQ ID NOs 43, 34, 45, 21, 23 and 41, respectively
[FS28-256-024];

(vil) SEQ ID NOs 51, 34, 53, 21, 23 and 41, respec-
tively [FS28-256-026];

(viii) SEQ ID NOs 43, 34, 45, 21, 23 and 80, respec-
tively [FS28-256-027];

(ix) SEQ ID NOs 39, 34, 36, 21, 23 and 40, respectively
[FS28-256-001];

(x) SEQ ID NOs 39, 34,36, 21, 23 and 41, respectively
[FS28-256-005];

(xi) SEQ ID NOs 47, 34, 49, 21, 23 and 37, respectively
[FS28-256-014];

(xii) SEQ ID NOs 51, 34, 53, 21, 23 and 37, respec-
tively [FS28-256-018];

(xiii) SEQ ID NOs 32, 34, 36, 21, 23 and 37, respec-
tively [FS28-256];

(xiv) SEQ ID NOs 15, 17, 26, 21, 23 and 24, respec-
tively [FS28-024-051];

(xv) SEQ ID NOs 15, 17, 30, 21, 23 and 24, respec-
tively [FS28-024-053]; or

(xvi) SEQ ID NOs 15, 17, 19, 21, 23 and 24, respec-
tively [FS28-024]; and

(b) a CD137 antigen-binding site located in a CH3
domain of the antibody molecule,

wherein the CD137 antigen-binding site comprises a first

sequence and a second sequence located in the AB and
EF structural loops of the CH3 domain, respectively,
wherein the first and second sequence have the
sequence set forth in SEQ ID NOs 10 and 11 [FS22-
172-003], respectively.

2. The antibody molecule according to claim 1, wherein

the antibody molecule comprises the VH domain and the VL,
domain set forth in:

(1) SEQ ID NOs 177 and 76, respectively [FS28-256-
2717,

(i1) SEQ ID NOs 58 and 54, respectively [FS28-024-052];

(ii1) SEQ ID NOs 70 and 68, respectively [FS28-256-
0217,

(iv) SEQ ID NOs 70 and 64, respectively [FS28-256-
012];

(v) SEQ ID NOs 74 and 68, respectively [FS28-256-023];

(vi) SEQ ID NOs 70 and 78, respectively [FS28-256-
0247,

(vii) SEQ ID NOs 74 and 78, respectively [FS28-256-
026];

(viii) SEQ ID NOs 70 and 76, respectively [FS28-256-
0271,

(ix) SEQ ID NOs 66 and 68, respectively [FS28-256-
0017,

(x) SEQ ID NOs 66 and 78, respectively [FS28-256-005];

(xi) SEQ ID NOs 72 and 64, respectively [FS28-256-
0147,



US 12,319,739 B2

391

(xil) SEQ ID NOs 74 and 64, respectively [FS28-256-
018];

(xiil) SEQ ID NOs 62 and 64, respectively [FS28-256];

(xiv) SEQ ID NOs 56 and 54, respectively [FS28-024-
051];

(xv) SEQ ID NOs 60 and 54, respectively [FS28-024-
053]; or

(xvi) SEQ ID NOs 12 and 54, respectively [FS28-024].

3. The antibody molecule according to claim 1, wherein
the antibody molecule comprises:

(1) the VH CDR1, VH CDR2, VH CDR3, VL CDR1, VL
CDR2 and VL, CDR3, defined according to the ImMu-
noGeneTics numbering scheme set forth in SEQ 1D
NOs 42, 33, 44, 20, 22, and 80, respectively [FS28-
256-271]; and/or

(i1) the VH CDR1, VH CDR2, VH CDR3, VL CDR1, VL
CDR2 and VL CDR3, defined according to the Kabat
numbering scheme set forth in SEQ ID NOs 43, 5, 45,
21, 23, and 80, respectively [FS28-256-271]; and/or

(iii) the VH domain and VL. domain set forth in SEQ ID
NOs 177 and 76, respectively [FS28-256-271].

4. The antibody molecule according to claim 1, wherein

the antibody molecule comprises:

(1) the VH CDR1, VH CDR2, VH CDR3, VL CDR1, VL
CDR2 and VL, CDR3, defined according to the ImMu-
noGeneTics numbering scheme set forth in SEQ 1D
NOS SEQ ID NOS 14, 16, 27, 20, 22 and 24, respec-
tively [FS28-024-052]; and/or

(i1) the VH CDR1, VH CDR2, VH CDR3, VL CDR1, VL
CDR2 and VL CDR3, defined according to the Kabat
numbering scheme set forth in SEQ ID NOs 15, 17, 28,
21, 23 and 24, respectively [FS28-024-052]; and/or

(iii) the VH domain and VL. domain set forth in SEQ ID
NOs 58 and 54, respectively [FS28-024-052].

5. The antibody molecule according to claim 1, wherein

(1) the first sequence is located between positions 14 and
17 of the CH3 domain of the antibody molecule; and/or

(ii) wherein the second sequence is located between
positions 91 and 99 of the CH3 domain of the antibody
molecule; and

wherein the amino acid residue numbering is according to
the IMGT numbering scheme.

6. The antibody molecule according to claim 1, wherein
the antibody molecule comprises the CH3 domain sequence
set forth in SEQ ID NO: 8 [FS22-172-003].

7. The antibody molecule according to claim 1, wherein
the antibody molecule comprises the heavy chain and light
chain of antibody:

(1) FS22-172-003-AA/FS28-256-271 set forth in SEQ ID

NOs 3 and 84, respectively;

(i1) FS22-172-003-AA/FS28-024-052 set forth in SEQ ID
NOs 102 and 85, respectively;

(iii) FS22-172-003-AA/FS28-256-021 set forth in SEQ
ID NOs 125 and 82, respectively;

(iv) FS22-172-003-AA/FS28-256-012 set forth in SEQ
ID NOs 125 and 116, respectively;

(v) FS22-172-003-AA/FS28-256-023 set forth in SEQ ID
NOs 133 and 82,

(vi) FS22-172-003-AA/FS28-256-024 set forth in SEQ
ID NOs 125 and 83, respectively;

(vil) FS22-172-003-AA/FS28-256-026 set forth in SEQ
ID NOs 133 and 83, respectively;

(viii) FS22-172-003-AA/FS28-256-027 set forth in SEQ
ID NOs 125 and 84, respectively;

(ix) FS22-172-003-AA/FS28-256-001 set forth in SEQ
ID NOs 120 and 82, respectively;
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(x) FS22-172-003-AA/FS28-256-005 set forth in SEQ 1D
NOs 120 and 83, respectively;

(xi) FS22-172-003-AA/FS28-256-014 set forth in SEQ
ID NOs 129 and 116, respectively;

(xii) FS22-172-003-AA/FS28-256-018 set forth in SEQ
ID NOs 133 and 116, respectively;

(xiii) FS22-172-003-AA/FS28-256 set forth in SEQ 1D
NOs 114 and 116, respectively;

(xiv) FS22-172-003-AA/FS28-024-051 set forth in SEQ
ID NOs 98 and 85, respectively;

(xv) FS22-172-003-AA/FS28-024-053 set forth in SEQ
ID NOs 106 and 85, respectively; or

(xvi) FS22-172-003-AA/FS28-024 set forth in SEQ 1D
NOs 94 and 85, respectively.

8. The antibody molecule according to claim 7, wherein
the antibody molecule comprises the heavy chain and light
chain set forth in SEQ ID NOs 3 and 84, respectively
[FS22-172-003-AA/FS28-256-271].

9. The antibody molecule according to claim 7, wherein
the antibody molecule comprises the heavy chain and light
chain set forth in SEQ ID NOs 102 and 85, respectively
[FS22-172-003-AA/FS28-024-052].

10. The antibody molecule according to claim 1, wherein
the antibody molecule does not bind to Fey receptors.

11. The antibody molecule according to claim 1, wherein
the antibody molecule binds to immobilised MSLN with a
higher affinity than to soluble MSLN.

12. The antibody molecule according to claim 1, wherein
the antibody molecule is capable of activating CD137 on an
immune cell in the presence of tumour cell-surface bound
MSLN.

13. The antibody molecule according to claim 1, wherein
binding of the antibody molecule to CD137 on an immune
cell and to tumour cell-surface bound MSLN causes clus-
tering of CD137 on the immune cell.

14. A nucleic acid molecule or molecules encoding the
antibody molecule according to claim 1.

15. A vector or vectors comprising the nucleic acid
molecule or molecules according to claim 14.

16. A recombinant host cell comprising the nucleic acid
molecule(s) according to claim 14, or a vector(s) comprising
the nucleic acid molecule(s) according to claim 14.

17. A method of producing an antibody molecule com-
prising culturing the recombinant host cell of claim 16 under
conditions for production of the antibody molecule.

18. A pharmaceutical composition comprising the anti-
body molecule according claim 1 and a pharmaceutically
acceptable excipient.

19. A method of treating cancer in an individual compris-
ing administering to the individual a therapeutically effec-
tive amount of the antibody molecule according to claim 1,
wherein the cancer expresses MSLN and comprises tumour
infiltrating lymphocytes that express CD137.

20. The method according to claim 19, wherein the
method further comprises administering a therapeutically
effective amount of a second therapeutic to the individual.

21. A method of treating cancer in an individual compris-
ing administering to the individual a therapeutically effec-
tive amount of the antibody molecule according to claim 1,
wherein the cancer is selected from the group consisting of:
ovarian cancer, pancreatic cancer, lung cancer, mesothe-
lioma, lymphoma, head and neck cancer, colorectal cancer,
breast cancer, squamous cell carcinoma, gastric cancer,
endometrial cancer, and cholangiocarcinoma, wherein the
cancer expresses MSLN and comprises tumour infiltrating
lymphocytes that express CD137.
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22. The method according to claim 21, wherein the
method further comprises administering a therapeutically
effective amount of a second therapeutic to the individual.

#* #* #* #* #*



